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©  Stack  memory  system. 
©  A  hatttwattt  staefe  &15$  wB^&faor  locations  deep  is 
addressed  by  a  sfaefc  pointer  (3.T6)  constituted  by  a  shift 
register  having  four  stages-  (2-5)  corresponding  to  the  four 
stack  locations.  A  single  one  bit  in  the  shift  register  (316) 
marks  the  stack  location  at  which  a  stack  read  or  stack  write 
operation  will  be  effected.  The  bit  is  shifted  left  after  each 
write  operation  and  is  shifted  right  after  each  read  operation. 
If  the  bit  is  already  in  the  right  most  stage  (5)  on  a  read 
operation,  a  gate  (1804)  signals  stack  underflow.  The  shift 
register  (315)  has  two  additional  left  end  stages  (0,  1).  If  the 
marker  bit  is  in  the  left  most  stage  (0)  at  the  time  of  a  read 
operation,  a  gate  (1803)  signals  stack  overflow. 
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  A  hardwars  stack  (315)  which  is  four  locations  deep  is 
addressed  by  a  stack  pointer  (316)  constituted  by  a  shift 
register  having  four  stages  (2-5)  corresponding  to  the  four 
stack  locations.  A  single  one  bit  in  the  shift  register  (316) 
marks  the  stack  location  at which  a  stack  read  or stack  write 
operation  will  be  effected.  The  bit is shifted  left  after  each 
write  operation  and  is  shifted  right  after  each  read  operation. 
If  the  bit  is  already  in  the  right  most  stage  (5)  on  a  read 
operation,  a  gate  (1804)  signals  stack  underflow.  The  shift 
register  (315)  has  two  additional  left  end  stages  (0, 1).  If the 
marker  bit  is  in  the  left  most  stage  (0)  at  the  time  of  a  read 
operation,  a  gate  (1803)  signals  stack  overflow. 



This  i n v e n t i o n   r e l a t e s   to  s tack  memory  systems  for   d i g i t a l  

computers ,   t h a t   is  to  say  memory  systems  in  wh ich  

s to rage   l o c a t i o n s   are  u t i l i z e d   s e q u e n t i a l l y   for  i m p l e m e n t i n g  

l a s t - i n ,   f i r s t - o u t   memory  o p e r a t i o n s .  



D e s c r i p t i o n   of  t h e   P r i o r   A r t :  

A  s t o r e d - p r o g r a m   c o m p u t e r   t y p i c a l l y   i n c l u d e s   a  d e v i c e  
f o r   a t o r i n g   t h e   memory  a d d r e s s ,   or   t he   e q u i v a l e n t   t h e r e o f ,   o f  

the   n e x t  

i n s t r u c t i o n   to  be  e x e c u t e d   by  t h e   c e n t r a l   p r o c e s s i n g   u n i t ;  

t h i s   d e v i c e   u s u a l l y   t a k e s   t h e   f o r m   of  a  r e g i s t e r ,   and  i s  

t y p i c a l l y   c a l l e d   t h e   " p r o g r a m   c o u n t e r " ,   or  " P G " .   The  p r o g r a m  

c o u n t e r   t y p i c a l l y  i s   l o a d e d   w i t h   t h e   s t a r t i n g   a d d r e s s   of  a  

d e s i r e d   s e q u e n c e   of  i n s t r u c t i o n s ,   and  is  i n c r e m e n t e d   f r o m  

t h a t   p o i n t   to  " p o i n t   t o "   s u c c e s s i v e   a d d r e s s e s   of   t h e  

s u b s e q u e n t   i n s t r u c t i o n s .  

The  n e x t   i n s t r u c t i o n   to  be  e x e c u t e d   i s   t y p i c a l l y   t h e  

n e x t   s e q u e n t i a l   i n s t r u c t i o n   in  t h e   memory  d e v i c e .   H o w e v e r ,  

some  of  t h e   i n s t r u c t i o n s   may  b e  " b r a n c h "   or  " j u m p . "  

i n s t r u c t i o n s ,   w h i c h   r e s u l t   in  n e x t   e x e c u t i n g   an  i n s t r u c t i o n  

o t h e r   t h a n   t h e   n e x t   s e q u e n t i a l   i n s t r u c t i o n .   S u c h   o t h e r  

i n s t r u c t i o n   i s   known  as  t h e   " t a r g e t "   i n s t r u c t i o n   of  a  b r a n c h .  

A  " c o n d i t i o n a l   b r a n c h "   i n s t r u c t i o n   s p e c i f i e s   t h a t  a  

t a r g e t   i n s t r u c t i o n   ( o t h e r   t h a n   t h e   n e x t   s e q u e n t i a l  

i n s t r u c t i o n )   w i l l   be  e x e c u t e d   i f   a  c e r t a i n   s p e c i f i e d  

c o n d i t i o n   ( s u c h   as  a  m a c h i n e - s t a t e   c o n d i t i o n   or   a  v a r i a b l e  

b e i n g   e q u a l   to  a  c e r t a i n   v a l u e )   i s   m e t .   I f   t h e   s p e c i f i e d  

c o n d i t i o n   i s   n o t   m e t ,   t h e   n e x t   s e q u e n t i a l   i n s t r u c t i o n   i s  

e x e c u t e d .  

In  a  r u d i m e n t a r y   d i g i t a l   c o m p u t e r ,   an  i n s t r u c t i o n   to  b e  

e x e c u t e d   i s   f e t c h e d   f r o m   t h e   memory   l o c a t i o n   i n d i c a t e d   by  t h e  

p r o g r a m   c o u n t e r .   The  p r o g r a m  c o u n t e r   i s   t h e n   i n c r e m e n t e d   t o  

p o i n t   to   t h e   n e x t   s e q u e n t i a l   i n s t r u c t i o n   to  be  f e t c h e d .   I f  

e x e c u t i o n   o f   t h e   c u r r e n t   i n s t r u c t i o n   i n d i c a t e s   t h a t   b r a n c h i n g  

is   to  o c c u r ,   t h e   p r o g r a m   c o u n t e r   c o n t e n t s   a r e   o v e r w r i t t e n   b y  

t h e   b r a n c h   a d d r e s s   s p e c i f i e d   by  t h e   c u r r e n t   b r a n c h  

i n s t r u c t i o n .   U s i n g   t h e   p r o g r a m   c o u n t e r   to  i n d i c a t e   t h e  



a d d r e s s   in  memory  of  t h e   n e x t   i n s t r u c t i o n ,   t he   c o r r e c t   n e x t  
i n s t r u c t i o n   is  t h e n   f e t c h e d .  

A n o t h e r   s i t u a t i o n   in   w h i c h   i n s t r u c t i o n s   a r e   e x e c u t e d   i n  
an  o r d e r   o t h e r   t h a n   t h a t   in  v h i c h   t h e y   a r e   a r r a n g e d   in  m e m o r y  
o c c u r s   in  c o n j u n c t i o n   w i t h   s u b r o u t i n e   c a l l s   and  r e t u r n s .  
I n s t r u c t i o n   s u b s e q u e n c e s   t h a t   may  be  n e e d e d   r e p e a t e d l y   may  b e  

w r i t t e n   a s   " s u b r o u t i n e s " .   T h e n ,   vhen   i t   is  d e s i r e d   t o  

e x e c u t e   one  s u c h  s u b s e q u e n c e ,   a  "CALL"  i n s t r u c t i o n   a p p e a r s   i n  

the   i n s t r u c t i o n   s e q u e n c e ;   t h e   c a l l   i n s t r u c t i o n   s p e c i f i e s   t h e  

s t a r t i n g   a d d r e s s  o f   t h e   s u b r o u t i n e   as  t h e   i n s t r u c t i o n   to  b e  

e x e c u t e d   n e x t .   The  l a s t   i n s t r u c t i o n   in  t he   s u b r o u t i n e   i s  a  

"RETURN"  i n s t r u c t i o n ,   w h i c h   i n d i c a t e s   t h a t   t he   s u b r o u t i n e   h a s  

run  to  c o m p l e t i o n   and  t h a t   t he   s e q u e n c e   w h i c h   c a l l e d   t h e  

s u b r o u t i n e   is  now  to  b e  r e s u m e d   a t   t h e   i n s t r u c t i o n  

i m m e d i a t e l y   f o l l o w i n g  t h e   CALL  i n s t r u c t i o n   ( t h e   i n s t r u c t i o n  

w h i c h   i n v o k e d   t he   s u b r o u t i n e ) .  

To  f a c i l i t a t e   c a l l   and  r e t u r n   i n s t r u c t i o n s ,   c o m p u t e r s  

t y p i c a l l y   e m p l o y   a  LIFO  ( l a s t - i n ,   f i r s t - o u t )   memory ,   u s u a l l y  

c a l l e d   a  " s t a c k " ,   to  s t o r e   r e t u r n   a d d r e s s e s   ( i . e . ,   t h e  

a d d r e s s e s  o f   i n s t r u c t i o n s   f o l l o w i n g   c a l l   i n s t r u c t i o n s ,   w h i c h  

a r e   t he   a d d r e s s e s   a t   w h i c h   e x e c u t i o n   is   to  be  r e s u m e d   a f t e r  

e x e c u t i n g   r e t u r n   i n s t r u c t i o n s ) .   W h i l e   e x e c u t i n g   a  c a l l  

i n s t r u c t i o n ,   t h e   p r o g r a m   c o u n t e r   c o n t a i n s   t he   a d d r e s s   of  t h e  

n e x t   s e q u e n t i a l   i n s t r u c t i o n ,   h a v i n g   b e e n   i n c r e m e n t e d   a s  

m e n t i o n e d   above   a f t e r   b e i n g   u s e d   to  f e t c h   the   c a l l  

i n s t r u c t i o n .   The  p r o g r a m   c o u n t e r   c o n t e n t s   a r e   t h e n   u s u a l l y  

p l a c e d   in  the   n e x t   a v a i l a b l e   l o c a t i o n   in  t he   s t a c k   ( o f t e n  

r e f e r r e d   to  as  t he   " t o p   of  t he   s t a c k " ) .   The  p r o g r a m   c o u n t e r  

is  l o a d e d   w i t h   t he   a d d r e s s   s p e c i f i e d   in  t he   c a l l   i n s t r u c t i o n  

as  t h e   s t a r t i n g   a d d r e s s   of  t h e   s u b r o u t i n e ,   and  e x e c u t i o n   o f  

t h e   s u b r o u t i n e   p r o c e e d s   f rom  t h e r e .   When  the   r e t u r n  

i n s t r u c t i o n   is  e n c o u n t e r e d ,   t h e   p r o g r a m   c o u n t e r   i s   l o a d e d  

w i t h   t he   a d d r e s s   o f  t h e   i n s t r u c t i o n   a t   w h i c h   e x e c u t i o n   is  t o  

be  r e s u m e s ,   i . e .   t h e   a d d r e s s  o f   t h e   i n s t r u c t i o n   f o l l o w i n g   t h e  



c a l l   i n s t r u c t i o n   w h i c h   i n v o k e d   t he   s u b r o u t i n e .   T h i s   a d d r e s s  
is   f o u n d   on  t o p   of  t h e   s t a c k ,  f o r   i t   was  p l a c e d   t h e r e   as  p a r t  
of  the   e x e c u t i o n   of  t h e   c a l l   i n s t r u c t i o n .  

A s s o c i a t e d   w i t h   t h e   s t a c k   i s   a  " s t a c k   p o i n t e r " ,  

t y p i c a l l y   a  m u l t i b i t   r e g i s t e r   w i t h   p r o v i s i o n   f o r   i n c r e m e n t i n g  
and  d e c r e m e n t i n g   by  o n e .   A  r e g i s t e r   c o n t a i n i n g   t h e   a d d r e s s  

of  some  i t e m  i s   c o m m o n l y   s a i d   to   " p o i n t   t o "   t h a t   i t e m .   - T h e  

s t a c k   p o i n t e r   i n i t i a l l y   p o i n t s   to  t h e   f i r s t   l o c a t i o n  i n   t h e  

s t a c k ,   is   i n c r e m e n t e d   by  one   w h e n e v e r   a n y t h i n g   is   p l a c e d   o n  
t h e   s t a c k ,   and  i s   d e c r e m e n t e d   by  one  w h e n e v e r   a n y t h i n g   i s  

r e t r i e v e d   f r o m   t h e   s t a c k .   T h u s ,  t h e   s t a c k   p o i n t e r   a l w a y s  

p o i n t s   to  t h e   n e x t   a v a i l a b l e   l o c a t i o n   in  t h e   s t a c k .   T h i s  

s c h e m e   a l l o w s   f o r   " n e s t e d   s u b r o u t i n e   c a l l s " ,   i . e . ,   f o r   a  

s u b r o u t i n e   to  c a l l   a n o t h e r   s u b r o u t i n e .   I f ,   f o r   e x a m p l e ,   a n  

i n s t r u c t i o n  s e q u e n c e   h a s   c a l l e d   s u b r o u t i n e   A  w h i c h   has   c a l l e d  

s u b r o u t i n e   B,  t h e n   when   s u b r o u t i n e   B  e n c o u n t e r s   a  r e t u r n  

i n s t r u c t i o n ,   t h e   a d d r e s s   to  w h i c h   i t   i s   to  r e t u r n   i n  

s u b r o u t i n e   A  i s   r e p r i e v e d   f r o m   t h e   t op   of  t h e   s t a c k ,   and  t h e  

s t a c k   p o i n t e r   i s   d e c r e m e n t e d   b y  o n e ;   when   s u b r o u t i n e   A 

e n c o u n t e r s   a  r e t u r n  i n s t r u c t i o n ,  t h e  a d d r e s s   to  w h i c h   i t   i s  

to  r e t u r n   in  t h e   m a i n   s e q u e n c e   i s   r e t r i e v e d   f r o m   t h e   " n e w "  

t o p   of  t he   s t a c k ,   t h e   l o c a t i o n   to  w h i c h   t h e   s t a c k   p o i n t e r   h a s  

b e e n   d e c r e m e n t e d   to   p o i n t .   C a l l s   may  be  n e s t e d   o v e r   as  m a n y  
l e v e l s   as  t h e r e   a r e   a v a i l a b l e   l o c a t i o n s   in  t h e   s t a c k .  

The  s t a c k   p o r t i o n s   of  p r i o r   a r t   m a c h i n e s   t y p i c a l l y   h o l d  

t h e   a d d r e s s   of  t h e   n e x t   memory  l o c a t i o n  t o   be  a c c e s s e d   in  t h e  

s t a c k .   F o r  e a c h   memory  a c c e s s ,   t h e   c o n t e n t s   of  t h e   s t a c k  

p o i n t e r   m u s t   be  d e c o d e d   ( u s u a l l y  a c c o m p l i s h e d   by  g a t i n g  

l o g i c )   to  s e l e c t   t h e   c o r r e s p o n d i n g   memory  l o c a t i o n .  

A d d i t i o n a l   g a t i n g   m u s t   be  e m p l o y e d   to  d e t e r m i n e   w h e t h e r   t h e  

s t a c k   has  o v e r f l o w e d   ( i . e . ,   a n  a t t e m p t   was  made  to  e x c e e d   i t s  

c a p a c i t y )   or  u n d e r f l o w e d   ( i . e . ,   an  a t t e m p t   was  made  t o  

r e t r i e v e   n o n - e x i s t e n t   c o n t e n t s ) .  



T h r o u g h o u t   t h i s   d o c u m e n t ,   t he   t e r m   " b r a n c h i n g "   w i l l   b e  
used  to  d e n o t e   the  s i t u a t i o n   t h a t   e x i s t s   when  t he   n e x t  
i n s t r u c t i o n   to  be  e x e c u t e d   is  o t h e r   t h a n   the   n e x t  s e q u e n t i a l  
one ,   r e g a r d l e s s   of  w h e t h e r   t h i s   is  b e c a u s e   of  a  b r a n c h  
i n s t r u c t i o n ,   a  c a l l   i n s t r u c t i o n ,   or  a  r e t u r n   i n s t r u c t i o n .  

E f f o r t s   to  s p e e d  u p   t h e  o p e r a t i o n   of  d i g i t a l   c o m p u t e r s  
have   i n c l u d e d   such  i m p r o v e m e n t s   as  " i n s t r u c t i o n   p r e f e t c h i n g " ,  
w h e r e i n   t h e   n e x t   i n s t r u c t i o n   to  be  e x e c u t e d   is  f e t c h e d   f r o m  

memory  w h i l e   a  c u r r e n t   i n s t r u c t i o n   is  s t i l l   e x e c u t i n g .   T h u s ,  
e x e c u t i o n   of  an  i n s t r u c t i o n   can  commence   i m m e d i a t e l y   upon  t h e  

c o m p l e t i o n   of  the   e x e c u t i o n   of  t he   p r e v i o u s   i n s t r u c t i o n   a n d  

the   c e n t r a l   p r o c e s s i n g   u n i t   is  no t   d e l a y e d   w h i l e   m e m o r y  

a c c e s s . e s ,   bus  t r a n s f e r s ,   and  t h e   l i k e   t a k e   p l a c e .  

A  p r o b l e m   in  e x t r a c t i n g   the   f u l l   b e n e f i t   f r o m  

i n s t r u c t i o n   p r e f e t c h i n g   o c c u r s   in  c o n j u n c t i o n   w i t h  

c o n d i t i o n a l   b r a n c h   i n s t r u c t i o n s .   I t   u s u a l l y   c a n n o t   be  k n o w n  

w h e t h e r   a  c o n d i t i o n a l   b r a n c h   is  to  t a k e   p l a c e   u n t i l   s o m e  

p o i n t   n e a r   t he   end  of  e x e c u t i o n   of  t h e   c o n d i t i o n a l   b r a n c h  

i n s t r u c t i o n ,   by  w h i c h   t i m e   t h e   n e x t   s e q u e n t i a l   i n s t r u c t i o n  

( n o t   t h e   t a r g e t   i n s t r u c t i o n )   s h o u l d   a l r e a d y   have   b e e n  

f e t c h e d .   A  d e l a y   t h e n   e n s u e s   w h i l e   f e t c h i n g   t h e   t a r g e t  

i n s t r u c t i o n .   V a r i o u s   a p p r o a c h e s   have   b e e n   t r i e d   to  l i m i t  

t h i s   d e l a y   in  f e t c h i n g   t h e   t a r g e t   i n s t r u c t i o n ,   such   a s  

m e c h a n i s m s   fo r   p r e d i c t i n g   t h e   o u t c o m e   of  a  c o n d i t i o n a l   b r a n c h  

( s e e ,   f o r   e x a m p l e ,  U . S .   P a t e n t   4 , 4 3 0 , 7 0 6   i s s u e d   to  S a n d ) ,   o r  

a s s u m i n g   t h a t   c o n d i t i o n a l   b r a n c h e s   w i l l   a l w a y s   be  t a k e n   ( o r  

n e v e r   be  t a k e n ) ,   and  r e q u i r i n g   the   p r o g r a m m e r   to  c o n s t r u c t  

h i s   p r o g r a m s   in  as  c l o s e   c o n f o r m a n c e   as  p o s s i b l e   to  t h e  

a s s u m p t i o n .   ( F o r   e x a m p l e ,   in  c o d i n g   a  l o o p   t h a t   is   to  b e  

e x e c u t e d   t w e n t y   t i m e s ,   t h e   p r o g r a m m e r   can   e m p l o y   an  e x i t  

b r a n c h   t h a t   is  not   t a k e n   t w e n t y   t i m e s   and  t h e n   t a k e n   o n c e ,   o r  

a l t e r n a t i v e l y   a  r e t u r n   b r a n c h   t h a t   is  t a k e n   t w e n t y   t i m e s   a n d  

t h e n   n o t   t a k e n   o n c e . )  



D e s p i t e   t h e s e   v a r i o u s   a p p r o a c h e s ,   t h e   p r e d i c t i o n   o r  
a s s u m p t i o n   i s   no t   a l w a y s   c o r r e c t - -   t he   v r o n g   i n s t r u c t i o n   h a s  
b e e n   p r e f e t c h e d ,   and  a  d e l a y   e n s u e s   w h i l e   f e t c h i n g   t h e  

c o r r e c t   n e x t   i n s t r u c t i o n .  



SUMMARY  OF  THE  I N V E N T I O N :  

T h i s   i n v e n t i o n   i s   e m b o d i e d   in  a  m i c r o i n s t r u c t i o n - c o n t r o l l e d  

m i c r o c o m p u t e r   i n c l u d i n g   a  c o n t r o l   s t o r e   f o r   s t o r i n g   m i c r o i n s t r u c -  

t i o n s   w h i c h   may  i n c l u d e   c o n d i t i o n a l   b r a n c h   i n s t r u c t i o n s .   T h e  

i n v e n t i o n   p r o v i d e s   a  d u a l   p r e f e t c h   p a t h   f o r   p r e f e t c h i n g   b o t h   t h e  

n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n   and  t h e   t a r g e t   m i c r o i n s t r u c t i o n  

s p e c i f i e d   by  a  b r a n c h   m i c r o i n s t r u c t i o n .   The  i n v e n t i o n   a l s o  

p r o v i d e s   f o r   s e l e c t i n g ,   p r i o r   to  t h e   c o m p l e t i o n   of  e x e c u t i o n   o f  

t h e   c o n d i t i o n a l   b r a n c h   i n s t r u c t i o n ,   w h i c h   of  t he   two  p r e f e t c h e d  

m i c r o i n s t r u c t i o n s   is   to  be  e x e c u t e d   n e x t .   T h i s   p e r m i t s   e x e c u t i o n  

of  m i c r o i n s t r u c t i o n s  w i t h o u t   d e l a y s   a t t r i b u t a b l e   to  f e t c h i n g   o f  

t h e   n e x t   m i c r o i n s t r u c t i o n ,   e v e n   in  t he   p r e s e n c e   of  c o n d i t i o n a l  

b r a n c h   i n s t r u c t i o n s .  

I t   is   t h u s   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

i m p r o v e d   d i g i t a l   c o m p u t e r s .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

f a s t e r   d i g i t a l   c o m p u t e r s .  

I t   is  a  f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

c o m p u t e r s   in  w h i c h ,   d u r i n g   t h e   e x e c u t i o n   of  an  i n s t r u c t i o n ,   b o t h  

p o s s i b l e   n e x t   i n s t r u c t i o n s   a r e   p r e f e t c h e d   in  o r d e r   t h a t   e x e c u t i o n  

of  t h e   c o r r e c t   n e x t   i n s t r u c t i o n   may  b e g i n   i m m e d i a t e l y .  

O t h e r   o b j e c t s   of   t h e   p r e s e n t   n v e n t i o n   w i l l   be  u n d e r s t o o d   b y  

t h o s e   of  o r d i n a r y   s k i l l   in  t h e   a r t ,   a f t e r   r e f e r r i n g   to  t h e  

d e s c r i p t i o n   of  t he   p r o f e r r e d   e m b o d i m e n t s   and  t h e   a p p e n d e d  

d r a w i n g s .  



In  t h e   D r a w i n g s :  

F i g u r e   1  is   a  b l o c k   d i a g r a m   of  t h e   m i c r o c o d e   c o n t r o l   s c h e m e  
of  a  p r i o r   a r t   m a c h i n e   e m p l o y i n g   m i c r o i n s t r u c t i o n  

p r e f e t c h i n g .  

F i g u r e   2  i s  a   t i m i n g   c h a r t   d e p i c t i n g   t he   t i m i n g   of   an  a s s u m e d  
m i c r o i n s t r u c t i o n   s e q u e n c e   r u n n i n g   on  t h e   p r i o r   a r t   m a c h i n e   o f  
F i g u r e   1 .  

F i g u r e   3  i s   an  o v e r v i e w   of   t h e   m i c r o i n s t r u c t i o n   f e t c h i n g  
s c h e m e   of  t he   p r e s e n t   i n v e n t i o n .  

F i g u r e   4  is   a  t i m i n g   c h a r t   d e p i c t i n g   t h e   t i m i n g   of  an  a s s u m e d  

m i c r o i n s t r u c t i o n   s e q u e n c e   r u n n i n g   on  a  m a c h i n e   e m b o d y i n g   t h e  

p r e s e n t   i n v e n t i o n .  

F i g u r e s   5  and  6  d e p i c t   t h e   c i r c u i t r y   w h i c h   c o m p r i s e s   t h e  

b r a n c h   a d d r e s s   m u l t i p l e x o r   of  t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   7  shows  t h e   c i r c u i t r y   w h i c h   c o m p r i s e s   t h e   b r a n c h   l a t c h  

and  b r a n c h   a d d r e s s   i n c r e m e n t i n g   m e a n s   of  t h e   p r e s e n t  
i n v e n t i o n .  

F i g u r e   8  shows  t h e   c i r c u i t r y   c o m p r i s i n g   t h e   p r o g r a m   c o u n t e r  
and  p r o g r a m   c o u n t e r   i n c r e m e n t i n g   m e a n s  o f   t h e   p r e s e n t  
i n v e n t i o n .  

F i g u r e   9  shows  c i r c u i t r y   c o m p r i s i n g   t h e   p r o g r a m   c o u n t e r   i n p u t  

m u l t i p l e x o r   o f  t h e   p r e s e n t   i n v e n t i o n .   . 

F i g u r e   10  shows  c i r c u i t r y   f o r   b r a n c h   a d d r e s s   f o r w a r d i n g   o f  

t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   11  d e p i c t s   t h e   c o n t r o l   s t o r e   a d d r e s s   i n p u t   m u l t i p l e x o r  

of  t h e   p r e s e n t   i n v e n t i o n .  



F i g u r e   12  d e p i c t s   t he   m i c r o i n s t r u c t i o n   c o n t r o l   s t o r e   of  t h e  
p r e s e n t   i n v e n t i o n .  

F i g u r e   13  d e p i c t s   t h e   m i c r o i n s t r u c t i o n   p r e f e t c h   r e g i s t e r   o f  

the   p r e s e n t   i n v e n t i o n .  

F i g u r e   14  d e p i c t s   t h e  m i c r o i n s t r u c t i o n   p r e f e t c h   b u f f e r   of  t h e  

p r e s e n t   i n v e n t i o n .  

F i g u r e   15  d e p i c t s   t h e   m i c r o w o r d   r e g i s t e r   of  t he   p r e s e n t  
i n v e n t i o n .  

F i g u r e   16  is  a  d e t a i l e d   t i m i n g   c h a r t   of  a  h y p o t h e t i c a l  

m i c r o i n s t r u c t i o n   s e q u e n c e   r u n n i n g   on  t h e   m a c h i n e   of  t h e  

p r e s e n t   i n v e n t i o n .  

F i g u r e   17  shows  a  m e m o r y  a d d r e s s i n g   s c h e m e   of  t h e   p r i o r   a r t .  

F i g u r e   18  i s  a   h i g h - l e v e l   o v e r v i e w   o f  t h e   s t a c k   a d d r e s s i n g  

s c h e m e   of  t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   19  d e p i c t s   t h e   s t a c k   p o i n t e r   c i r c u i t   of  the   p r e s e n t  

i n v e n t i o n .  

F i g u r e   2 0  s h o w s   t h e  s t a c k   of  t he   p r e s e n t   i n v e n t i o n .  

F i g u r e   21  shows  c e r t a i n   g a t i n g   c i r c u i t s   of  t h e   p r e s e n t  

i n v e n t i o n .  

DETAILED  D E S C R I P T I O N :  

T a b l e   1  o u t l i n e s   p e r t i n e n t   p o r t i o n s   of  a  h y p o t h e t i c a l  

m i c r o i n s t r u c t i o n   s t r e a m   t h a t   w i l l   be  u s e d   f o r   i l l u s t r a t i v e  

p u r p o s e s   t h r o u g h o u t   t h i s   d e s c r i p t i o n :  



F i g u r e   1  s h o w s   t h e   m i c r o i n s t r u c t i o n   f e t c h i n g   and  e x e c u t i o n  

p o r t i o n s   o f  a   p r i o r   a r t   m a c h i n e   e m p l o y i n g   i n s t r u c t i o n  

p r e f e t c h i n g .   P r o g r a m   C o u n t e r   (PC)   101  is  i n i t i a l l y   l o a d e d   w i t h  

t h e   s t a r t i n g   a d d r e s s   of  a  d e s i r e d   s e q u e n c e   of  m i c r o i n s t r u c t i o n s   b y  
i n i t i a l   l o a d   m e a n s   102 .   C o n t r o l   s t o r e   104  c o n t a i n s   s e q u e n c e s   o f  

m i c r o i n s t r u c t i o n s .  

D u r i n g   a  m i c r o i n s t r u c t i o n   c y c l e ,   t he   c o n t e n t s   o f   PC  101  a r e  
f o r w a r d e d   to  c o n t r o l   s t o r e   1 0 4 ,   w h i c h   f e t c h e s   t h e   m i c r o -  

i n s t r u c t i o n   f r o m   t h e   l o c a t i o n   w h o s e   a d d r e s s   was  r e c e i v e d   f rom  PC 

1 0 1 ,   and  f o r w a r d s   t h e   f e t c h e d  m i c r o i n s t r u c t i o n   to  p r e f e t c h  

r e g i s t e r   1 0 5 .   I n c r e m e n t   m e a n s   103  i n c r e m e n t s   PC  101  so  t h a t   PC 

101  is  r e a d y   to  a d d r e s s   t h e   n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n   o n  
t h e   n e x t   f e t c h .  

D u r i n g   t h e   n e x t   m i c r o i n s t r u c t i o n   c y c l e   t h e   m i c r o i n s t r u c t i o n  

f r o m   p r e f e t c h   r e g i s t e r  1 0 5   i s  t r a n s f e r r e d   to  m i c r o i n s t r u c t i o n  

r e g i s t e r   106  w h e r e   i t   is  d e c o d e d   and  t h e n   e x e c u t e d   by  ALU  1 0 8 .  

("ALU"  d e n o t e s   " a r i t h m e t i c   and  l o g i c   u n i t " ,   t h a t   p o r t i o n   of  a 

c o m p u t e r ' s   c e n t r a l   p r o c e s s i n g   u n i t   t h a t   a c t u a l l y   p e r f o r m s   t h e  

o p e r a t i o n s   s p e c i f i e d   by  t h e   i n s t r u c t i o n s . )   C o n c u r r e n t l y   w i t h  

e x e c u t i n g   t h e   m i c r o i n s t r u c t i o n   p r e s e n t l y   in  m i c r o i n s t r u c t i o n  

r e g i s t e r   1 0 6 ,   t h e   n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n   is  p r e f e t c h e d  

by  means   d e s c r i b e d   in  t he   p r e c e d i n g   p a r a g r a p h .  



If  a  m i c r o i n s t r u c t i o n   is  to  b r a n c h   ( e i t h e r   b e c a u s e   i t  

s p e c i f i e s   an  u n c o n d i t i o n a l   b r a n c h ,   or  b e c a u s e   i t   s p e c i f i e s   a 
c o n d i t i o n a l   b r a n c h   and  the   c o n d i t i o n   is  m e t )   t he   b r a n c h   a d d r e s s  
c o n t a i n e d   w i t h i n   or  s p e c i f i e d   by  a  f i e l d   of  t he   b r a n c h  
m i c r o i n s t r u c t i o n   is  i n p u t   o v e r   l i n e s   109  to  PC  101,   so  t h a t   t h e  
n e x t   p r e f e t c h   w i l l   be  of  t he   t a r g e t   m i c r o i n s t r u c t i o n   s p e c i f i e d   by  
t he   b r a n c h   m i c r o i n s t r u c t i o n .  

F i g u r e   2  shows  t h e  t i m i n g   t h a t   w o u l d   r e s u l t   when  the   p r i o r  

a r t   m a c h i n e   d e p i c t e d   in  F i g u r e   1  e x e c u t e s   t he   m i c r o i n s t r u c t i o n  

s e q u e n c e ' o f   T a b l e   1.  A s s u m i n g   t h a t   m i c r o i n s t r u c t i o n   100  has  b e e n  

p r e f e t c h e d   p r i o r   to  c y c l e   1,  i t   w i l l   be  in  t he   m i c r o i n s t r u c t i o n  

r e g i s t e r   106  and  w i l l   be  e x e c u t e d   d u r i n g   c y c l e   1.  A l s o   d u r i n g  

c y c l e   1,  m i c r o i n s t r u c t i o n   101  w i l l   be  p r e f e t c h e d   f rom  the   c o n t r o l  

s t o r e   104  u n d e r   c o n t r o l   of  t h e   PC  101 ,   w h i c h ,   as  d e s c r i b e d   a b o v e ,  
has   b e e n   i n c r e m e n t e d   to  101  a f t e r   f e t c h i n g   m i c r o i n s t r u c t i o n   1 0 0 .  

A f t e r   m i c r o i n s t r u c t i o n   101  has   b e e n   p r e f e t c h e d ,   t he   PC  101  i s  

i n c r e m e n t e d   to  102 .   M i c r o i n s t r u c t i o n   101  w i l l   be  p l a c e d   in  t h e  

p r e f e t c h   r e g i s t e r   1 0 5  .   At  t h e   s t a r t   of  c y c l e   2,  m i c r o i n s t r u c t i o n  

101  is  t r a n s f e r r e d   f rom  t h e   p r e f e t c h   r e g i s t e r   105  to  t h e  

m i c r o i n s t r u c t i o n   r e g i s t e r   1 0 6 .   I t   i s   e x e c u t e d   d u r i n g   c y c l e   2 .  

A l s o   d u r i n g   c y c l e   2,  m i c r o i n s t r u c t i o n   102  w i l l   be  p r e f e t c h e d   a n d  

t h e   PC  101  w i l l   be  i n c r e m e n t e d   to  1 0 3 .  

D u r i n g   e x e c u t i o n   of  m i c r o i n s t r u c t i o n   1 0 1 ,   ALU  108  d e t e r m i n e s  

t h a t   t he   s p e c i f i e d   c o n d i t i o n a l   b r a n c h   is  to  t a k e   p l a c e ,   i . e . ,   t h e  

n e x t   m i c r o i n s t r u c t i o n   to  be  e x e c u t e d   is  m i c r o i n s t r u c t i o n   200 .   T h e  

n u m b e r   " 2 0 0 "   f rom  the   b r a n c h   a d d r e s s   f i e l d   of  m i c r o i n s t r u c t i o n   1 0 1  

is  l o a d e d   i n t o  t h e   PC  101,   o v e r w r i t i n g   t h e   n u m b e r   " 1 0 3 "   to  w h i c h  

i t   had  b e e n   i n c r e m e n t e d .   M i c r o i n s t r u c t i o n   200  has  not   b e e n  

p r e f e t c h e d - -   m i c r o i n s t r u c t i o n   102  has   b e e n   p r e f e t c h e d   b e c a u s e   i t  

was  no t   known  a t   the   b e g i n n i n g   of  c y c l e   2  t h a t   t he   b r a n c h   to  2 0 0  

w o u l d   t a k e   p l a c e .   (The  s p e c i f i e d   c o n d i t i o n s   c o u l d   no t   be  e x a m i n e d  

u n t i l   some  p o i n t   d u r i n g   c y c l e   2 . )   Thus   c y c l e   3  is  l o s t   to  the   ALU 

108 ,   s i n c e   t h e   m i c r o i n s t r u c t i o n   i t   s h o u l d   e x e c u t e   d u r i n g   c y c l e   3 

has  no t   y e t   b e e n   f e t c h e d   f rom  c o n t r o l   s t o r e   104 .   C y c l e   3  mus t   b e  



d e v o t e d   to  p r e f e t c h i n g   m i c r o i n s t r u c t i o n   200  f rom  c o n t r o l   s t o r e  
104 .   PC  101  is  i n c r e m e n t e d   to  2 0 1 ,   w h i c h   i s   t he   i n s t r u c t i o n   t h a t  
w i l l   be  f e t c h e d   d u r i n g   c y c l e   4.  M i c r o i n s t r u c t i o n   200  i s  

t r a n s f e r r e d  t o   t h e   m i c r o i n s t r u c t i o n   r e g i s t e r   106  a t   t h e   s t a r t   o f  

c y c l e   4  f o r   e x e c u t i o n   by  ALU  108  d u r i n g   c y c l e   4 .  

The  p r e f e t c h   s c h e m e   of  t h e   p r e s e n t   i n v e n t i o n ,   w h i c h  

e l i m i n a t e s   t h e   p r o b l e m   of  l o s t   i n s t r u c t i o n   c y c l e  t i m e   due  t o  

i n c o r r e c t   p r e f e t c h e s   f o r   c o n d i t i o n a l   b r a n c h e s ,   is   shown  i n  

h i g h - l e v e l   b l o c k   d i a g r a m   f o r m   in  F i g u r e   3.  ( S u b s e q u e n t   f i g u r e s  

w i l l   d i s c l o s e   m o r e   d e t a i l . )   A  m a j o r   d i f f e r e n c e   b e t w e e n   t h e   p r i o r  

a r t   and  t h i s   i n v e n t i o n   i s   t h e   d u a l   p r e f e t c h   p a t h ,   c o m p r i s i n g  

p r e f e t c h   r e g i s t e r   308  and  p r e f e t c h   b u f f e r   3 0 9 .  

In  t h e   p r e s e n t   e m b o d i m e n t ,   e v e r y   m i c r o i n s t r u c t i o n   is   a  

c o n d i t i o n a l   b r a n c h ,   c o n d i t i o n a l   c a l l ,   or  c o n d i t i o n a l   r e t u r n  

m i c r o i n s t r u c t i o n .   T h u s ,   e v e r y   i n s t r u c t i o n  h a s   t h e   p o t e n t i a l   t o  

s p e c i f y   e i t h e r   of  two  i n s t r u c t i o n s   as  i t s   s u c c e s s o r   in  e x e c u t i o n .  

T h e r e f o r e ,   two  m i c r o i n s t r u c t i o n s   a r e   p r e f e t c h e d   d u r i n g   e v e r y  

m i c r o i n s t r u c t i o n  c y c l e .   In  e m b o d i m e n t s   w h e r e i n   s o m e  

m i c r o i n s t r u c t i o n s   do  n o t   h a v e   t h i s   p o t e n t i a l ,   i t   w o u l d   be  p o s s i b l e  

to  p r e f e t c h   o n l y   one   m i c r o i n s t r u c t i o n   d u r i n g   t h e   e x e c u t i o n   o f  

t h o s e   m i c r o i n s t r u c t i o n s .  

D u r i n g   t h e   f i r s t   h a l f   of  a  m i c r o i n s t r u c t i o n ' s   e x e c u t i o n  

c y c l e ,   p r e f e t c h   r e g i s t e r   308  r e c e i v e s   t h e   n e x t   s e q u e n t i a l  

m i c r o i n s t r u c t i o n   f r o m   c o n t r o l   s t o r e   3 0 7 ;   d u r i n g   t h e   s e c o n d   h a l f ,  

p r e f e t c h   b u f f e r   309  r e c e i v e s   t h e   b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n  

f rom  c o n t r o l   s t o r e   3 0 7 .   E i t h e r   p r e f e t c h   r e g i s t e r   308  or  p r e f e t c h  

b u f f e r   309  may  l o a d   m i c r o w o r d   r e g i s t e r   310  w i t h   t h e  

m i c r o i n s t r u c t i o n   to  be  e x e c u t e d   n e x t ,   d e p e n d i n g   on  t h e  

d e t e r m i n a t i o n   made  d u r i n g   t h e   c u r r e n t   e x e c u t i o n   c y c l e   of  w h e t h e r  

t h e   b r a n c h   is  to  be  t a k e n .  

The  a d d r e s s e s   u s e d   to  p r e f e t c h   m i c r o i n s t r u c t i o n s   a r e   p r o v i d e d  

to  c o n t r o l   s t o r e   307  by  HUX  3 0 6 ,   w h i c h   may  o b t a i n   t h e   a d d r e s s e s  



from  any  of  t h r e e   s o u r c e s :   ( 1 )   b r a n c h   a d d r e s s e s   o b t a i n e d   f r o m ( a )  

the   c u r r e n t   m i c r o i n s t r u c t i o n   in  m i c r o w o r d   r e g i s t e r   310  or  ( b )  
f rom  s t a c k   3 1 5 ,   one  b e i n g   s e l e c t e d   and  p a s s e d   t h r o u g h   b r a n c h   MUX 
302  and  f o r w a r d i n g   c i r c u i t   3 1 3 ;   (2 )   a  p r e v i o u s   b r a n c h   a d d r e s s  
s t o r e d   in  b r a n c h   l a t c h   3 1 4 ,   as  i n c r e m e n t e d   by  b r a n c h   +1  a d d e r   3 0 4  
and  p a s s e d   t h r o u g h   PC MUX  3 0 5 ;   or  (3 )   PC  ( p r o g r a m   c o u n t e r )   3 0 1 ,   a s  
i n c r e m e n t e d   b y  P C   + 1  a d d e r   303  and  p a s s e d   t h r o u g h   PC  MUX  305 .   PC 

MUX  305  can  l o a d   PC  301  t o  r e a d y   i t   f o r   i t s   n e x t   u s e ,   l o a d i n g   i t  

w i t h  e i t h e r   i t s   f o r m e r   c o n t e n t s   as  i n c r e m e n t e d   by  PC  +1  a d d e r   3 0 3 ,  

o r   the   b r a n c h   a d d r e s s   f r o m  b r a n c h   l a t c h   314  as  i n c r e m e n t e d   b y  

b r a n c h  + 1  a d d e r   3 0 4 .   The  i n t e r a c t i o n s   b e t w e e n   t h e s e   t h r e e   a d d r e s s  

s o u r c e   p a t h s   a n d  t h e   PC  l o a d i n g   p a t h   w i l l   be  d i s c u s s e d   in  d e t a i l  

b e l o w .  

When  e x e c u t i n g   c a l l   i n s t r u c t i o n s ,   t h e   c o n t e n t s   of  PC  301  a r e  
r e t a i n e d   in  s t a c k   315  f o r   u s e  b y   s u b s e q u e n t   r e t u r n   i n s t r u c t i o n s ,  

in  a d d i t i o n   to  b e i n g   r e t a i n e d   in  PC  301 .   S t a c k   p o i n t e r   3 1 6  

c o n t r o l s   t h e   a d d r e s s i n g   o f  s t a c k   315  as  w i l l   be  d i s c u s s e d   f u r t h e r  

o n .  

The  m i c r o i n s t r u c t i o n s   f e t c h e d   by  c o n t r o l   s t o r e   307  a r e ,   a s  

m e n t i o n e d   a b o v e ,   b r o u g h t   to  m i c r o w o r d   r e g i s t e r   310  e i t h e r   t h r o u g h  

p r e f e t c h   b u f f e r   309  or  p r e f e t c h   r e g i s t e r   3 0 8 .   Once  in  m i c r o w o r d  

r e g i s t e r   3 1 0 ,   t h e y   a r e   e x e c u t e d   by  ALU  3 1 2 .   ALU  3 1 2 ,   w h i c h  

e x e c u t e s   t h e   m i c r o i n s t r u c t i o n s   c o n t a i n e d   in  m i c r o w o r d   r e g i s t e r  

310 ,   can  be  a  c o n v e n t i o n a l   ALU  and  w i l l   n o t   be  d e s c r i b e d   h e r e i n .  

C o n t r o l   s t o r e   307  is  a c c e s s e d   t w i c e   pe r   m i c r o i n s t r u c t i o n  

c y c l e :   o n c e   to  p r e f e t c h   the   m i c r o i n s t r u c t i o n   t h a t   i s   s t o r e d  

s e q u e n t i a l l y   a f t e r   the   m i c r o i n s t r u c t i o n   w h i c h   is  c u r r e n t l y  

e x e c u t i n g ,   and  o n c e   to  p r e f e t c h   t h e   b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n  

of  the   m i c r o i n s t r u c t i o n   t h a t   i s ' c u r r e n t l y   b e i n g   e x e c u t e d .   At  t h e  

c o n c l u s i o n   of  e x e c u t i n g   t h e   c u r r e n t   m i c r o i n s t r u c t i o n ,   at  w h i c h  

t i m e   i t   w i l l   be  known  w h e t h e r   a  c o n d i t i o n a l   b r a n c h   i s   to  t a k e  

p l a c e ,   b o t h   p o s s i b l e   n e x t   m i c r o i n s t r u c t i o n s   have   b e e n   p r e f e t c h e d  



and  e x e c u t i o n   of  t h e   c o r r e c t   one   of  t h e   two  can  commence   w i t h o u t  

any  d e l a y   to  f e t c h   a  d i f f e r e n t   m i c r o i n s t r u c t i o n .  

P r e f e t c h i n g   t h e   n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n   is   d o n e  

d u r i n g   t h e  f i r s t   h a l f   of  t h e   m i c r o i n s t r u c t i o n   e x e c u t i o n   c y c l e ,   a n d  

p r o c e e d s   in  o n e   of  two  w a y s ,   d e p e n d i n g   on  w h e t h e r   t h e   c u r r e n t l y  

e x e c u t i n g   m i c r o i n s t r u c t i o n   was  r e a c h e d  s e q u e n t i a l l y   f rom  a 

p r e v i o u s   m i c r o i n s t r u c t i o n ,   or  was  r e a c h e d   by  b e i n g   a  b r a n c h  

t a r g e t .   The  r e a s o n   f o r   t h i s   d i s t i n c t i o n   w i l l   b e c o m e   e v i d e n t  

d u r i n g   t he   d i s c u s s i o n   of  how  b r a n c h e s   a r e   e f f e c t e d .  

F i r s t ,   c o n s i d e r   t h e   c a s e   w h e r e   t he   c u r r e n t l y   e x e c u t i n g  

m i c r o i n s t r u c t i o n   was  r e a c h e d   b e c a u s e   i t   was  a  b r a n c h   t a r g e t   m i c r o -  

i n s t r u c t i o n .   I t s   a d d r e s s   is   s t o r e d   in  b r a n c h   l a t c h   3 1 4 ,   f o r  

r e a s o n s   t h a t   w i l l   be  d e s c r i b e d   l a t e r .   The  a d d r e s s   of  t h e  

c u r r e n t l y   e x e c u t i n g   m i c r o i n s t r u c t i o n ,   n o w  s t o r e d   in   b r a n c h   l a t c h  

3 1 4 ,   is  i n c r e m e n t e d   by  one   by  b r a n c h   +1  a d d e r   304   to  i n d i c a t e   t h e  

n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n   in  t h e   p a t h   a f t e r   t h e   c u r r e n t l y  

e x e c u t i n g   m i c r o i n s t r u c t i o n .   The  i n c r e m e n t e d   a d d r e s s   is   s e l e c t e d  

by  PC  HUX  3 0 5 ,   in   r e s p o n s e   to  a  t i m i n g   s i g n a l ,   and  p a s s e d   to  HUX 

306  to  c o n t r o l   s t o r e   3 0 7 ,   w h i c h   w i l l   u se   t h a t   a d d r e s s   to  p r e f e t c h  

t h e   n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n .  

S e c o n d ,   c o n s i d e r   t h e   c a s e   w h e r e   t h e   c u r r e n t l y   e x e c u t i n g  

m i c r o i n s t r u c t i o n   was  r e a c h e d   s e q u e n t i a l l y   f r o m   a  p r e v i o u s  

m i c r o i n s t r u c t i o n ,   and  n o t   as  a  r e s u l t   of  a  b r a n c h .   I t s   a d d r e s s   i s  

s t o r e d   in  PC  301  f o r   r e a s o n s   t h a t   w i l l   be  d e s c r i b e d   as  t h e  

d e s c r i p t i o n   p r o g r e s s e s .   PC  +1  a d d e r   303  i n c r e m e n t s   t h e   a d d r e s s   b y  

one   so  as  to  d e n o t e   t h e   n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n .   T h e  

i n c r e m e n t e d   a d d r e s s   i s   s e l e c t e d   by  PC  HUX  3 0 5 ,   in   r e s p o n s e   to  a  

t i m i n g   s i g n a l ,   and  p a s s e d   t h r o u g h   MUX  306  to  c o n t r o l   s t o r e   3 0 7 ,  

w h i c h  u s e s   t h a t   a d d r e s s   t o  p r e f e t c h   t h e   n e x t   s e q u e n t i a l  

m i c r o i n s t r u c t i o n .  

The  n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n   r e g a r d l e s s   of  w h e t h e r  

i t s   a d d r e s s   was  o b t a i n e d   f r o m   b r a n c h   l a t c h   314   or  PC  3 0 1 ,   i s  



s t o r e d   in  p r e f e t c h   r e g i s t e r   308  p e n d i n g   t h e   d e t e r m i n a t i o n   o f  
w h e t h e r   t he   c u r r e n t l y   e x e c u t i n g   m i c r o i n s t r u c t i o n   is  to  b r a n c h ,   a s  
d i s c u s s e d   b e l o w .  

P r e f e t c h i n g   the   b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n   of  t h e  

c u r r e n t l y   e x e c u t i n g  m i c r o i n s t r u c t i o n   is   done   d u r i n g   the   s e c o n d  
h a l f   of  t h e   c u r r e n t   m i c r o i n s t r u c t i o n   c y c l e .   B r a n c h   a d d r e s s e s   3 1 1 ,  

s p e c i f i e d   in  t he   c u r r e n t l y  e x e c u t i n g  m i c r o i n s t r u c t i o n   c o n t a i n e d   i n  

m i c r o w o r d   r e g i s t e r   310  o r  o b t a i n e d   f rom  s t a c k   315 ,   a r e   f o r w a r d e d  

to  b r a n c h   mux  302  w h i c h   s e l e c t s   the   a p p r o p r i a t e   one  of  t he   b r a n c h  

a d d r e s s e s   ( i n   r e s p o n s e   to  t h e   ALU  and  b u s e d   upon  the   c u r r e n t l y  

e x e c u t i n g   m i c r o i n s t r u c t i o n )   and  f o r w a r d s   i t   t h r o u g h   b r a n c h   a d d r e s s  

f o r w a r d i n g   c i r c u i t   313  and  t h r o u g h   HUX  306  as  t he   a d d r e s s   i n p u t   t o  

c o n t r o l   s t o r e   307 .   C o n t r o l   s t o r e   307  f e t c h e s   and  a p p l i e s   t h e  

9 6 - b i t   b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n   to  t h e   i n p u t s   of  p r e f e t c h  
b u f f e r   3 0 9 .   The  b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n   is  t h e n   a v a i l a b l e  

to  be  g a t e d   t h r o u g h   p r e f e t c h   b u f f e r   309  i n  t h e   e v e n t   t h a t   i t   i s  

n e e d e d ;   i . e . ,   t h a t   t h e  c o n d i t i o n a l   b r a n c h   s p e c i f i e d   in  t h e  

c u r r e n t l y   e x e c u t i n g  m i c r o i n s t r u c t i o n   i s  t o   be  t a k e n .   The  b r a n c h  

a d d r e s s   f rom  b r a n c h   a d d r e s s   f o r w a r d i n g   c i r c u i t   313  is  r e t a i n e d   i n  

b r a n c h   l a t c h   314  f o r   p o s s i b l e   use   d u r i n g   t h e   f i r s t   h a l f   of  t h e  

n e x t   m i c r o i n s t r u c t i o n   c y c l e .  

Near   t he   end  of  t he   c u r r e n t   m i c r o i n s t r u c t i o n   c y c l e ,   ALU  3 1 2  

d e t e r m i n e s ,   f rom  c u r r e n t   c o n d i t i o n s ,   w h e t h e r   t he   c u r r e n t l y  

e x e c u t i n g   m i c r o i n s t r u c t i o n   is  to  b r a n c h .   If   i t   i s ,   t h e n   t h e  

b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n ,   w h i c h   is  now  a v a i l a b l e   at  t h e  

i n p u t s   of  p r e f e t c h   b u f f e r   3 0 9 ,   is  g a t e d   t h r o u g h   p r e f e t c h   b u f f e r  

309  and  i n t o   m i c r o v o r d   r e g i s t e r   310 ,   w h e r e   ALU  312  w i l l   e x e c u t e   i t  

d u r i n g   the   n e x t   c y c l e .  

A l t e r n a t i v e l y ,   if  t h e   c u r r e n t   m i c r o i n s t r u c t i o n   is   no t   t o  

b r a n c h ,   t h e n   the   n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n ,   w h i c h ,   a s  

d i s c u s s e d   p r e v i o u s l y ,   is  s t o r e d   in  p r e f e t c h   r e g i s t e r   3 0 8 ,   is   g a t e d  

i n t o   m i c r o w o r d   r e g i s t e r   3 1 0 ,   w h e r e  A L U   312  w i l l   e x e c u t e   i t   d u r i n g  

t h e   n e x t   c y c l e .   A l s o ,   i f   t h e   c u r r e n t   m i c r o i n s t r u c t i o n   is  n o t   t o  



b r a n c h ,   PC  HUX  305  at  t h i s   t i m e   l o a d s   PC  301  w i t h   t he   a d d r e s s   o f  
t he   nex t   s e q u e n t i a l   m i c r o i n s t r u c t i o n ,   w h i c h   as  p r e v i o u s l y  
d i s c u s s e d   i s   e i t h e r   t he   c o n t e n t s   of  b r a n c h   l a t c h   314  i n c r e m e n t e d  

by  one ,   or  t h e   o l d   PC  301  c o n t e n t s   i n c r e m e n t e d   by  o n e .   T h u s ,   a t  
t he   s t a r t   of   e x e c u t i o n   of  t h e   n e x t   m i c r o i n s t r u c t i o n ,   i t s   a d d r e s s  
is   c o n t a i n e d   in   PC  301  i f   i t   was  r e a c h e d   s e q u e n t i a l l y .   C o n v e r s e l y  
t h e n ,   if  t h e   n e x t   m i c r o i n s t r u c t i o n   was  a  b r a n c h   t a r g e t ,   t h e  

c o n t e n t s   of  PC  301  a r e   d i s r e g a r d e d   and  t h e   m i c r o i n s t r u c t i o n ' s  

a d d r e s s   w i l l  b e   f o u n d ,   as  d i s c u s s e d   a b o v e ,   in  b r a n c h   l a t c h   3 1 4 .  

S e q u e n t i a l   e x e c u t i o n   f rom  t h a t   p o i n t   w i l l   p r o c e e d   a c c o r d i n g l y   f r o m  

e i t h e r   t h e   PC  301  or  t h e  b r a n c h   l a t c h   314  a d d r e s s e s .  

F i g u r e   4  s h o w s   t h e   t i m i n g   when  e x e c u t i n g   t h e   m i c r o i n s t r u c t i o n  

s e q u e n c e   of  T a b l e   1  on  t h e   m i c r o c o m p u t e r   u s i n g   t h e   p r e s e n t  
i n v e n t i o n .   D u r i n g   m i c r o i n s t r u c t i o n   c y c l e   1 ,  m i c r o i n s t r u c t i o n   1 0 0  

is   e x e c u t i n g .   ( I n   t h e   p r e s e n t   e m b o d i m e n t ,   t h e   m i c r o i n s t r u c t i o n  

c y c l e s   a r e   e a c h   140  n a n o s e c o n d s   ( n s )   in  d u r a t i o n . )   D u r i n g   t h e  

f i r s t   70  ns  of   c y c l e   1,  m i c r o i n s t r u c t i o n   101  ( t h e   n e x t   s e q u e n t i a l  

m i c r o i n s t r u c t i o n )   is   p r e f e t c h e d ,   as  p r e v i o u s l y   d i s c u s s e d ,   t o  

p r e f e t c h   r e g i s t e r   3 0 8 .   D u r i n g   t h e   l a s t   70  ns  of  c y c l e   1 ,  

m i c r o i n s t r u c t i o n   400  ( t h e   t a r g e t   of  t h e   c o n d i t i o n a l   b r a n c h   o f  

m i c r o i n s t r u c t i o n   1 0 0 )   is   p r e f e t c h e d ,   as  d i s c u s s e d   a b o v e ,   t o  

p r e f e t c h   b u f f e r   3 0 9 .   At  t h e   c o n c l u s i o n   of  c y c l e   1  t h e   e x e c u t i o n  

l o g i c  d e t e r m i n e s   ( a s   has  b e e n   d e s c r i b e d  )   t h a t   t h e   c o n d i t i o n a l  

b r a n c h   to  400  is   n o t   to  be  t a k e n ;   t h u s   m i c r o i n s t r u c t i o n   101  w i l l  

be  t r a n s f e r r e d   f r o m   t h e   p r e f e t c h   r e g i s t e r   308  to  t h e   m i c r o w o r d  

r e g i s t e r   3 1 0 ,   and  w i l l   be  t h e   m i c r o i n s t r u c t i o n   to  be  e x e c u t e d  

d u r i n g   c y c l e   2,  t h e   n e x t   c y c l e .   M i c r o i n s t r u c t i o n   400 ,   a v a i l a b l e  

t h r o u g h   p r e f e t c h   b u f f e r   3 0 9 ,   is   i g n o r e d .  

D u r i n g   t h e   f i r s t   70  ns  of  c y c l e   2,  m i c r o i n s t r u c t i o n   102  ( t h e  

n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n )   is  p r e f e t c h e d   to  t h e   p r e f e t c h  

r e g i s t e r   3 0 8 ,   and  d u r i n g  t h e  s e c o n d   70  ns  m i c r o i n s t r u c t i o n   2 0 0  

( t h e   c o n d i t i o n a l   b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n )   i s   p r e f e t c h e d   t o  

t h e   p r e f e t c h   b u f f e r   3 0 9 .   At  t h e   c o n c l u s i o n   of  c y c l e   2  t h e  

e x e c u t i o n   l o g i c   d e t e r m i n e s   t h a t   t h e   c o n d i t i o n a l   b r a n c h   to  m i c r o -  



i n s t r u c t i o n   200  is  to  be  t a k e n ;   m i c r o i n s t r u c t i o n   200  i s  
t r a n s f e r r e d   t h r o u g h   the   p r e f e t c h   b u f f e r   309  to  t he   m i c r o v o r d  
r e g i s t e r   310  and  t h u s   w i l l   be  e x e c u t e d   d u r i n g   c y c l e   3 .  
M i c r o i n s t r u c t i o n   102 ,   in  p r e f e t c h   r e g i s t e r   308 ,   is  i g n o r e d .   No 
t ime   is  l o s t   b e t w e e n   m i c r o i n s t r u c t i o n   c y c l e s   b e c a u s e   of  i n c o r r e c t  
p r e f e t c h e s ;   b o t h   p o a s i b i l i t i e s   of  a  b r a n c h   a r e   a l w a y s   p r e f e t c h e d .  

Now  f o l l o w s   a  d e t a i l e d   d e s c r i p t i o n   of  F i g u r e s   4  t h r o u g h   1 5 ,  
which   d e p i c t   t h e   l o g i c   c i r c u i t s   i m p l e m e n t i n g   t h e   p r e s e n t  
i n v e n t i o n .   R e f e r   to  F i g u r e   3  w h i l e   r e f e r r i n g   to  t h e s e   f i g u r e s ,  
and  p a r t i c u l a r l y   to  t he   r e f e r e n c e   s i g n a l   names  ahown  on  F i g u r e   3 .  

C e r t a i n   t i m i n g   s i g n a l s   w i l l   be  m e n t i o n e d   in  t h e   d i s c u s s i o n .  

T iming   c o n s t r a i n t s   have   b e e n   d i s c u s s e d   a b o v e ,   and  w i l l   be  f u r t h e r  

d i s c u s s e d   in  c o n j u n c t i o n   w i t h   F i g u r e   16.   The  g e n e r a t i o n   of  t i m i n g  

s i g n a l s   to  c o n f o r m   to  s t a t e d   c o n s t r a i n t s   is   w e l l   known  in  t h e  

l i t e r a t u r e   and  w i l l   no t   be  d e t a i l e d   h e r e i n .  

F i g u r e s   5  and  6  t o g e t h e r   d e p i c t   t he   l o g i c   of  b r a n c h   HUX  3 0 2 .  

A  HUX  (a  common  d e s i g n a t i o n   f o r   " m u l t i p l e x o r " )   is   a  d e v i c e   f o r  

s e l e c t i n g   one  of  a  p l u r a l i t y   of  s i g n a l a .   B r a n c h   HUX  302  is  u s e d  

to  s e l e c t   one  of  b r a n c h   a d d r e s s e s   3 1 1 .   S i n c e   c o n t r o l   s t o r e   3 0 7  

has  a  c a p a c i t y   of  4096  l o c a t i o n s ,   a  1 2 - b i t   a d d r e s s   is   r e q u i r e d   t o  

a d d r e s s   any  of  t h o s e   l o c a t i o n s .   B r a n c h   MUX  302 ,   t h e n ,   has  t h e  

a b i l i t y   to  s e l e c t   one  of  a  p l u r a l i t y   of  1 2 - b i t   b r a n c h   a d d r e s s e s .  

F i g u r e s   5  and  6  d e p i c t   t w e l v e   s i m i l a r l y   c o n f i g u r e d   l o g i c   g r o u p s ,  
each   for   h a n d l i n g   a  d i f f e r e n t   one  of  t he   r e q u i s i t e   t w e l v e   b i t s ,  

n u m b e r e d   00  t h r o u g h   11.  G r o u p   5 0 1  o n   F i g u r e   5  ( f o r   h a n d l i n g   b i t  

02)  is  deemed   to  be  r e p r e s e n t a t i v e   of  t he   t w e l v e   l o g i c   g r o u p s :   i t  

has  m u l t i p l e   i n p u t s ,   t h o s e   i n p u t s   b e i n g   b i t   02  of  e a c h   of  b r a n c h  

a d d r e s s e s   311  o r i g i n a t i n g   f rom  b i t   p o s i t i o n s   of  m i c r o w o r d   r e g i s t e r  

310  or  f rom  s t a c k   315  as  w i l l   be  d i s c u s s e d   f u r t h e r   on .   By  m e a n s  

of  g a t i n g ,   g r o u p   501  s e l e c t s   one   of  t h o s e   as  t h e  o n e   to  o u t p u t   a s  

s i g n a l   BRADR02.  M e t h o d o l o g i e s   of  l a y i n g   ou t   i n s t r u c t i o n   s e t a ,  

i n c l u d i n g   m e t h o d o l o g i e s   of  s p e c i f y i n g   b r a n c h   a d d r e s s e s ,   a r e   w e l l  

known  in  t h e   l i t e r a t u r e   and  w i l l   no t   be  d i s c u s s e d   h e r e i n .   D e s i g n s  

f o r   c o m b i n a t o r i a l   g a t i n g   to  s e l e c t   one  of  a  p l u r a l i t y   of  i n p u t s  



a r e   l i k e w i s e   w e l l   known ,   and  w i l l   l i k e w i s e   no t   be  d i s c u s s e d  
h e r e i n .   In  t h e   m a n n e r   in  w h i c h   g r o u p   501  p r o d u c e s   s i g n a l   BRADR02,  
a l l   t w e l v e   l o g i c   g r o u p s   w o r k i n g   in  c o n c e r t   p r o d u c e   the   t w e l v e   b i t  
b r a n c h   a d d r e s s   BRADROO  t h r o u g h   BRADR11,  w h i c h   is  i n p u t   to  b r a n c h  
a d d r e s s   f o r w a r d i n g   c i r c u i t   3 1 3 ,   d e p i c t e d   in  F i g u r e   1 0 .  

F i g u r e   7  s h o w s   t h e   l o g i c   c o m p r i s i n g   b r a n c h   l a t c h   314  a n d  
b r a n c h   +1  a d d e r   3 0 4 .   E l e m e n t s   701  t h r o u g h   707  c o m p r i s e   b r a n c h  
l a t c h   314 .   701  and  702  a r e   s i n g l e   l a t c h  c i r c u i t s ,   and  703  t h r o u g h  
707  a r e   d u a l   l a t c h   c i r c u i t s ,   y i e l d i n g   a  t o t a l   of  12  l a t c h   c i r c u i t s  
f o r   c o n t a i n i n g   t h e   t w e l v e - b i t   a d d r e s s .   (A  l a t c h   i s   a  b i s t a b l e  

c i r c u i t   w h i c h ,   w h e n   i t s   c l o c k   i n p u t   i s   a  l o g i c   h i g h   w i l l   s i m p l y  

p a s s   t h e   s t a t e   of  i t s   d a t a   i n p u t   t h r o u g h   to  t h e   d a t a   o u t p u t ,   a n d  

w h i c h   s t o r e s   t h e   s t a t e   of  t h e   d a t a   i n p u t   a t   t h e   t i m e   i t s   c l o c k  

i n p u t   t r a n s i t s   to  a  l o g i c   l o w . )   The  t w e l v e - b i t   i n p u t   to  b r a n c h  

l a t c h   304  is-  t h e   a d d r e s s   BRADOO  t h r o u g h   BRAD11  f rom  b r a n c h   a d d r e s s  

f o r w a r d i n g   c i r c u i t   313  ( F i g u r e   1 0 ) ,   w h i c h   is   s t o r e d   in  b r a n c h  

l a t c h   314  and  t h e n   a p p e a r s   on  s i g n a l   l i n e s   BRLOO  t h r o u g h   B R L 1 1 .  

T h e s e   s i g n a l   l i n e s   a r e   i n p u t   to  h a l f   a d d e r s   708  t h r o u g h   7 1 8 ,   w h i c h  

c o m p r i s e   b r a n c h   +1  a d d e r   3 0 4 .   The  o p e r a t i o n   of  h a l f   a d d e r s   i s  

known  in  t h e   l i t e r a t u r e   and  w i l l   n o t  b e   d i s c u s s e d   h e r e .   T h e  

o u t p u t   of  b r a n c h   +1  a d d e r   304   is   t h e   11  a d d r e s s   b i t s   BRPADOO 

t h r o u g h   BRPAD10.  B i t   11  ( t h e   l e a s t   s i g n i f i c a n t   b i t )   is   n o t  

i n c l u d e d   in  t h e   i n c r e m e n t   c a l c u l a t i o n   b e c a u s e   b i n a r y   a d d i t i o n   b y  

one   s i m p l y   t o g g l e s   ( c o m p l e m e n t s )   t h e   l e a s t   s i g n i f i c a n t   b i t .   T h i s  

t o g g l i n g   i s   a c c o m p l i s h e d   a t   t h e   i n p u t   of  PC  MUX  305 ,   to  b e  

d i s c u s s e d   w i t h   F i g u r e   9.  The  c o n t e n t s   of  b i t s   00  t h r o u g h   10,  i n  

c o n j u n c t i o n   w i t h   a  t o g g l e d   s t a t e   of  b i t   11,  t o g e t h e r   r e p r e s e n t   a  

1 2 - b i t   a d d r e s s   w h i c h   is   one  g r e a t e r   t h a n   t h e   1 2 - b i t   a d d r e s s   i n  

b r a n c h   l a t c h   3 1 4 .   T h i s   a d d r e s s   is  o u t p u t   to  PC  MUX  305  ( F i g u r e  

9 ) .  

F i g u r e   8  d e p i c t s   12  f l i p - f l o p s   801  t h r o u g h   812  c o m p r i s i n g   PC 

301  and  h a l f - a d d e r s   813  t h r o u g h   823  c o m p r i s i n g   PC  +1  a d d e r   3 0 3 .  

(A  f l i p - f l o p   i s   a  b i s t a b l e   c i r c u i t   w h i c h   s t o r e s   a  s t a t e   of  o n e  

b i n a r y   b i t   a t   t h e   t i m e   i t s   c l o c k   i n p u t   makes   a  t r a n s i t i o n . )  



I n p u t s   a r e   t h e   a d d r e s s   PCADROO  t h r o u g h   PCADR11  from  PC  MUX  3 0 5  
( F i g u r e   9 ) .   O p e r a t i o n   is  s i m i l a r   to  t h a t   of  b r a n c h   l a t c h   314  a n d  
b r a n c h   +1  a d d e r   3 0 4 .   O u t p u t s   PCPADOO  t h r o u g h   PCPAD10  a r e   i n p u t   t o  
PC  MUX  305  ( F i g u r e   9 ) .  

F i g u r e   9  is   t h e   l o g i c   d i a g r a m   of  PC  MUX  3 0 5 .   2:1  MUX's  9 0 1 ,  

902 ,   and  903  e a c h   h a n d l e   f o u r   b i t s   of  t he   t o t a l   12  b i t   a d d r e s s .  

Two  t w e l v e - b i t   a d d r e s s e s   a r e   p r e s e n t e d   as  t h e   i n p u t s :   PCPAD00 

t h r o u g h   PCPAD10  and  PCR11  f rom  PC  301  and  PC  +1  a d d e r   303 ;   a n d  

BRPADOO  t h r o u g h   BRPAD10  and  BRL11  from  b r a n c h   l a t c h  3 1 4   and  b r a n c h  

+1  a d d e r   3 0 4 .   No te   t h a t   t h e   i n v e r s e   s t a t e s   of  t he   PCPAD  and  BRPAD 

s i g n a l s   a r e   i n p u t   to  t he   2 :1   MUX's,   bu t   t h e   n o n - i n v e r s e   s t a t e s   o f  

PCR11  and  BRL11  a r e   i n p u t   ( p i n s   A3  and  B3  of  2 :1   HUX  9 0 3 ) ;   t h i s  

a c c o m p l i s h e s   t h e   t o g g l i n g   of  t he   l e a s t   s i g n i f i c a n t   b i t   m e n t i o n e d  

a b o v e  i n   c o n n e c t i o n   w i t h   i n c r e m e n t i n g   by  o n e .   One  of  t he   t w o  

t w e l v e - b i t   a d d r e s s e s   is  s e l e c t e d   d e p e n d i n g   on  t h e   c o n d i t i o n s  

p r e v i o u s l y   d i s c u s s e d ,   a n d  i s   o u t p u t   as  t h e   t w e l v e - b i t   a d d r e s s  

PCADDR00  t h r o u g h   PCADDR11  to  MUX  306  ( F i g u r e   1 1 ) ,   and  as  t h e  

t w e l v e - b i t   a d d r e s s  P C A D R 0 0   t h r o u g h   PCADR11  to  PC  301  ( F i g u r e   8 ) .  

F i g u r e   10  d e p i c t s   t h e  l o g i c   d i a g r a m   of  b r a n c h   a d d r e s s  

f o r w a r d i n g   c i r c u i t   3 1 3 .   I t   r e c e i v e s   t h e   t w e l v e - b i t   b r a n c h   a d d r e s s  

BRADROO  t h r o u g h   BRADR11  f rom  b r a n c h   MUX  302  ( F i g u r e s   5  and  6 ) ,   a n d  

g e n e r a t e s ,   by  c o n v e n t i o n a l   g a t i n g   m e a n s ,   t h e   t w e l v e   b i t   b r a n c h  

a d d r e s s   BRADDROO  t h r o u g h   BRADDR11  to  MUX  306  ( F i g u r e   1 1 ) ,   and  t h e  

t w e l v e - b i t   b r a n c h   a d d r e s s   BRADOO  t h r o u g h   BRAD11  to  b r a n c h   l a t c h  

314  ( F i g u r e   7 ) .   The  o u t p u t   a d d r e s s   has  t h e   same  v a l u e   as  t h e  

i n p u t   a d d r e s s ,   bu t   is  e s t a b l i s h e d   in  t h e  n e c e s s a r y   t i m i n g  

r e l a t i o n s h i p s   p r e v i o u s l y   d i s c u s s e d .  

F i g u r e   11  d e p i c t s   t he   l o g i c   d i a g r a m   of  MUX  3 0 6 ,   c o n s t r u c t e d  

of  t h r e e   e i g h t - b i t   3916  b u f f e r   l i n e   d r i v e r s   1 1 0 1 ,   1 1 0 2 ,   and  1 1 0 3 . .  

Each  of  t h e s e   has  t he   a b i l i t y   to  f u n c t i o n   as  a  2 :1   MUX:  a  l o g i c  

low  on  p in   1  c a u s e s   t he   s i g n a l s   on  p i n s   2,  4,  6,  and  8  to  b e  

p a s s e d   to  o u t p u t   p i n s   18,  16,   14,  and  12  r e s p e c t i v e l y ;   a  l o g i c   l o w  

on  p in   19  c a u s e s   i n p u t   s i g n a l s   on  p i n s   11 ,   13,   15,   and  17  to  p a s s  



to  o u t p u t   p i n s   9,  7,  5,  and  3  r e s p e c t i v e l y .   I t   is  s een   t h a t   t h e  
24  o u t p u t   p i n s   a r e   c o n n e c t e d   t o g e t h e r   in  12  p a i r s .   (For   e x a m p l e ,  
p i n   18  of  b u f f e r   l i n e   d r i v e r   1102  b e a r s   t h e   s i g n a l   name  UADDROO, 
and  p in   9  of  b u f f e r  l i n e   d r i v e r   1103  b e a r s   t h e   same  s i g n a l   n a m e .  
T h i s   i m p l i c i t l y   i n d i c a t e s   t h a t   t h o s e   two  p i n t  a r e   w i r e d  
t o g e t h e r . )   T h u s ,   d e p e n d i n g   on  t h e   s t a t e   of  t h e   s i g n a l   UIRCLK  1 1 0 1  
( t o   be  d i s c u s s e d   in  more   d e t a i l   i n  t h e   d i s c u s s i o n   of  F i g u r e   1 6 )  
e i t h e r   t he   1 2 - b i t   a d d r e s s   BRADDROO  t h r o u g h   BRADDR11,  or  t h e  1 2 - b i t  
a d d r e s s   PCADDROO  t h r o u g h   PCADDR11,  w i l l   be  g a t e d   t h r o u g h   to  t h e  
l i n e s   UADDR00  t h r o u g h   UADDRll ,   w h i c h   a c t   as  t h e   a d d r e s s   i n p u t   t o  
c o n t r o l  s t o r e   307  ( F i g u r e   1 2 ) .  

F i g u r e   12  i s   t h e   l o g i c   d i a g r a m   of  c o n t r o l   s t o r e   3 0 7 ,   w h i c h  

c o m p r i s e s   t w e n t y - f i v e   4K  by  4  b i t   RAH  c h i p s ,   r e s u l t i n g   in  a  4K  b y  
100  b i t   s t o r e .   The  t w e l v e   b i t   a d d r e s s   UADDR00  t h r o u g h   UADDR11  i s  

a p p l i e d   in  p a r a l l e l   to  e a c h   of  t h e   t w e n t y - f i v e   c h i p s   w h i c h ,  

a s s u m i n g   t h e   CWRITEn  s i g n a l s   to  be  F A L S E ,  e a c h   o u t p u t   f o u r   of  t h e  

b i t s   of  t h e   l o c a t i o n   s p e c i f i e d   by  t h e   a d d r e s s .   (CWRITEn  w i l l   b e  

TRUE  o n l y   when  l o a d i n g   c o n t r o l   s t o r e   3 0 7 ,   n o t   d i s c u s s e d   h e r e i n . )  

The   100  o u t p u t   l i n e s   CS00  t h r o u g h   CS99  c o m p r i s e   t h e   100  b i t   o u t p u t  
of   c o n t r o l   s t o r e   3 0 7 .   Only   t h e   96  b i t s   CSOO  t h r o u g h   CS95  a r e  

p r e s e n t l y   u s e d   in   t h e   c u r r e n t   e m b o d i m e n t .  

F i g u r e s   13  and  14  a r e   t he   l o g i c   d i a g r a m s   of  p r e f e t c h   r e g i s t e r  

308  and  p r e f e t c h   b u f f e r   309  r e s p e c t i v e l y ,   w h i c h   t o g e t h e r   c o m p r i s e  

t h e   d u a l   p r e f e t c h   p a t h   of  t h e   p r e s e n t   i n v e n t i o n .   P r e f e t c h  

r e g i s t e r   308  c o m p r i s e s   a  96  b i t   r e g i s t e r ,   p a c k a g e d   as  12  o c t a l  

( i . e . ,   e i g h t   c i r c u i t s   p e r   p a c k a g e )   f l i p - f l o p   c h i p s .   I t   i s   l o a d e d ,  

as  p r e v i o u s l y   d i s c u s s e d ,   w i t h   t he   m i c r o i n s t r u c t i o n   t h a t   is  to  b e  

e x e c u t e d   n e x t   i f   t h e   c u r r e n t   m i c r o i n s t r u c t i o n   d o e s   n o t   b r a n c h ,   t h e  

m i c r o i n s t r u c t i o n   a p p e a r i n g   on  t h e   c o n t r o l   s t o r e   307  o u t p u t s   CSOO 

t h r o u g h   CS95  at   t h e   end  of  t h e   f i r s t   70  ns  of  t h e   140  n s  

m i c r o i n s t r u c t i o n   c y c l e ,   as  c o n t r o l l e d   by  t h e   s i g n a l   LAST70CLKn 

c o m i n g   TRUE.  The  96  o u t p u t s   SELUIROO  t h r o u g h   SELUIR95   ( w h e n  

e n a b l e d   by  t h e   by  t h e   FALSE  s t a t e   of  t h e   o u t p u t - e n a b l e   s i g n a l  

TESTPASSEDn)   a r e   t h e   i n p u t s   to  m i c r o w o r d   r e g i s t e r   3 1 0 .   If   t h e  



c u r r e n t   m i c r o i n s t r u c t i o n   is  no t   to  b r a n c h ,   t he   m i c r o i n s t r u c t i o n  
f rom  p r e f e t c h   r e g i s t e r   308  w i l l   t h u s   be  t r a n s f e r r e d   to  m i c r o w o r d  
r e g i s t e r   310  and  become  t he   n e x t   e x e c u t i n g   m i c r o i n s t r u c t i o n .  

P r e f e t c h   b u f f e r   309  c o m p r i s e s   12  o c t a l   b u f f e r   l i n e   d r i v e r s .  

. N o t e   t h a t   t h e s e   a r e   no t   f l i p - f l o p s ,   and  t h u s   the   p r e f e t c h   b u f f e r  

309  is  not   a  r e g i s t e r ;   ( i . e . ,   i t   d o e s   n o t   s t o r e   t he   c o n t r o l   s t o r e  

307  o u t p u t s ,   bu t   o n l y   p a s s e s   them  on  to  m i c r o v o r d   r e g i s t e r   3 1 0 ) .  

When  e n a b l e d   by  t he   TRUE  s t a t e   of  t h e   TESTPASSEDn  s i g n a l ,   p r e f e t c h  

b u f f e r  3 0 9   p a s s e s   t he   b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n ,   a p p e a r i n g   o n  

t h e   9 6  c o n t r o l   s t o r e   307  o u t p u t s   CSOO  t h r o u g h   CS95  at  t h e  

c o n c l u s i o n   of  t he   c u r r e n t   m i c r o i n s t r u c t i o n   c y c l e   t h r o u g h   to  t h e  

m i c r o v o r d   r e g i s t e r   310  i n p u t s   on  l i n e s   SELUIROO  t h r o u g h   S E L U I R 9 5 .  

If  t h e   c u r r e n t   m i c r o i n s t r u c t i o n   i s   to  b r a n c h ,   i t   is  t h r o u g h   t h i s  

p a t h   t h a t   t he   t a r g e t   m i c r o i n s t r u c t i o n   b e c o m e s   the   n e x t   e x e c u t i n g  

m i c r o i n s t r u c t i o n .  

F i g u r e   15  is  t h e   l o g i c   d i a g r a m   of  m i c r o w o r d   r e g i s t e r   3 1 0 ,  

c o m p r i s i n g   25  4 - b i t   s h i f t   r e g i s t e r   c h i p s .  T h e   i n p u t s   a r e   the   96 

l i n e s   SELUIROO  t h r o u g h   S E L U I R 9 5 ,   w h i c h   as  d i s c u s s e d   a b o v e   come 

f rom  p r e f e t c h   r e g i s t e r   308  i f   t h e   p r e s e n t   m i c r o i n s t r u c t i o n   is  n o t  

to  b r a n c h ,   or  t h r o u g h   p r e f e t c h   b u f f e r   309  if   t he   p r e s e n t  
m i c r o i n s t r u c r t i o n   is  to  b r a n c h .   SELUIROO  t h r o u g h   SELUIR95  w i l l   b e  

c l o c k e d   i n t o   m i c r o w o r d   r e g i s t e r   310  by  t h e   T R U E - t r a n s i t i o n   of  t h e  

s i g n a l   UIRCLKn  1 5 0 1 .   The  o u t p u t s   of  m i c r o v o r d   r e g i s t e r   3 1 0  

d i r e c t l y   c o n t r o l   t h e   p r o c e s s i n g   e l e m e n t s   of  the   m i c r o p r o c e s s o r  

( t h e   ALU  3 1 2 ) ;   t h u s ,   t he   m i c r o i n s t r u c t i o n   t h a t   is  l o a d e d   i n t o  

m i c r o w o r d   r e g i s t e r   310  b e c o m e s   t h e   e x e c u t i n g   m i c r o i n s t r u c t i o n .  

F i g u r e   16  shows  d e t a i l e d   t i m i n g s   of  t h e   i n t e r a c t i o n s   b e t w e e n  

c o n t r o l   s t o r e   307 ,   p r e f e t c h   r e g i s t e r   3 0 8 ,   p r e f e t c h   b u f f e r   309 ,   a n d  

m i c r o v o r d   r e g i s t e r   310  f o r   t h e   i n s t r u c t i o n   s e q u e n c e   of  T a b l e   1 .  

L i n e   1601  d e f i n e s   3  c o n s e c u t i v e   m i c r o i n s t r u c t i o n   c y c l e s ,   and  l i n e  

1602  a s s o c i a t e s   t h e m  w i t h   n a n o s e c o n d   t i m i n g .   I t   is  a s s u m e d   t h a t  

m i c r o i n s t r u c t i o n   100  ( f r o m   T a b l e   1)  i s   e x e c u t e d   d u r i n g   c y c l e   1 .  

G i v e n   t h a t   m i c r o i n s t r u c t i o n   100  i s   a  c o n d i t i o n a l   b r a n c h   to  4 0 0 ,  



w h i c h   is  a s s u m e d   no t   to  be  t a k e n ,   we  now  c o n s i d e r   how 
m i c r o i n s t r u c t i o n   101  ( t h e   n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n )   i s  
e x e c u t e d   d u r i n g   c y c l e   2 .  

I t   is  a s s u m e d   t h a t   t h e   c u r r e n t l y   e x e c u t i n g   m i c r o i n s t r u c t i o n ,  
m i c r o i n s t r u c t i o n   100 ,   was  r e a c h e d   by  b e i n g   t he   n e x t   s e q u e n t i a l  
i n s t r u c t i o n   m i c r o i n s t r u c t i o n   to  a  p r e v i o u s l y   e x e c u t e d  
m i c r o i n s t r u c t i o n .   As  p r e v i o u s l y   d i s c u s s e d ,   i t s   a d d r e s s   ( 1 0 0 )   i s  
a t   t h i s   t i m e   c o n t a i n e d   in  PC  3 0 1 .   (Had  i t   b e e n   r e a c h e d   as  a  
b r a n c h   t a r g e t   i t s   a d d r e s s   w o u l d   be  in   b r a n c h   l a t c h   314 ,   a s  
p r e v i o u s l y   d i s c u s s e d . )   As  p r e v i o u s l y   d e s c r i b e d ,   d u r i n g   t h e   f i r s t  
70  ns  of  c y c l e   1  t h e   a d d r e s s   ( 1 0 0 )   of  m i c r o i n s t r u c t i o n   100  i s  
i n c r e m e n t e d   by  o n e ,   to  101 ,   t h r o u g h   PC  +1  a d d e r   303 ,   f e d   t h r o u g h  
PC  HUX  305  and  MUX  306  to  c o n t r o l   s t o r e   3 0 7 .   L a t e   d u r i n g   t h e  
f i r s t   70  ns  of  c y c l e   1,  t h e   m i c r o i n s t r u c t i o n   f rom  l o c a t i o n   101  i s  

a v a i l a b l e   a t   t h e   c o n t r o l   s t o r e   o u t p u t s ,   as  shown  by  l i n e   1 6 0 7 .   As  

l i n e   1604  s h o w s ,   t h e   s i g n a l   LAST70CLK  1302  goes   TRUE  d u r i n g   t h i s  

t i m e ,   s t o r i n g   t h e   m i c r o i n s t r u c t i o n   in  p r e f e t c h   r e g i s t e r   308  ( s e e  

F i g .   1 3 ) .   As  l i n e   1608  s h o w s ,   m i c r o i n s t r u c t i o n   101  r e m a i n s   s t o r e d  

in  p r e f e t c h   r e g i s t e r   308  u n t i l   t h e   n e x t   T R U E - t r a n s i t i o n   o f  

LAST70CLK,  140  ns  l a t e r .   D u r i n g   t h e   l a s t   70  ns  of  c y c l e   1 ,  

c o n t r o l   s t o r e   307  is  a c c e s s e d   w i t h   t h e   b r a n c h   a d d r e s s   of  t a r g e t  

m i c r o i n s t r u c t i o n   4 0 0 ,   as  o b t a i n e d   f r o m   c u r r e n t l y   e x e c u t i n g  

m i c r o i n s t r u c t i o n   100 .   As  p r e v i o u s l y   d e s c r i b e d ,   t h i s   is  o b t a i n e d  

t h r o u g h   b r a n c h   HUX  302  and  MUX  3 0 6 .   B r a n c h   t a r g e t  
m i c r o i n s t r u c t i o n   400  is  a v a i l a b l e   a t   t h e   CS  o u t p u t s   l a t e   in   c y c l e  

1,  as  l i n e   1607  s h o w s .   R e f e r e n c e   to  F i g u r e   14  r e v e a l s   t h a t   t h e  

c o n t r o l  s t o r e   o u t p u t s   a r e   i n p u t   to  p r e f e t c h   b u f f e r   3 0 9 ;   h o w e v e r ,  

t h e y   w i l l   n o t   be  g a t e d   t h r o u g h   p r e f e t c h   b u f f e r   309  a t   t h i s   t i m e  

b e c a u s e   s i g n a l   TESTPASSED  i s   n o t   TRUE  ( l i n e   1 6 0 6 ) .   TESTPASSED  i s  

TRUE  i f   t h e   c u r r e n t   m i c r o i n s t r u c t i o n   is   to  b r a n c h ,   and  o u r  

a s s u m p t i o n   i s   t h a t   c u r r e n t   m i c r o i n s t r u c t i o n   100  w i l l   n o t   b r a n c h .  

M e a n w h i l e ,   w i t h   r e f e r e n c e   to  F i g u r e   13,   t h e   FALSE  s t a t e   o f  

TESTPASSED  1401  e n a b l e s   t h e   c o n t e n t s   of  t h e   p r e f e t c h   r e g i s t e r   3 0 8  

( t h o s e   c o n t e n t s   b e i n g   m i c r o i n s t r u c t i o n   101)   to  be  g a t e d   o n t o   t h e  

SELUIR  l i n e s ,   as  shown  on  l i n e   1 6 0 9 .   At  t i m e   140  n s ,   s i g n a l  



UIRCLK  g o e s   TRUE  ( l i n e   1 6 0 5 ) .   R e f e r r i n g   to  F i g u r e   15,  t h i s  
t r a n s i t i o n   of  UIRCLK  c l o c k s   t h e   SELUIR  l i n e s   i n t o   m i c r o v o r d  

r e g i s t e r   310  ( l i n e   1 6 1 1 ) .   T h u s ,   m i c r o i n s t r u c t i o n   101  o c c u p i e s   t h e  
m i c r o v o r d   r e g i s t e r ,   and  is  t h e   c u r r e n t l y   e x e c u t i n g   i n s t r u c t i o n ,  
d u r i n g   c y c l e   2.  The  v a l u e   " 1 0 1 "   is  t r a n s f e r r e d   f rom  PC  HUX  305  o n  

s i g n a l   l i n e s   PCADROO  t h r o u g h   PCADR11  i n t o   PC  301  f o r   use  in  t h e  

f e t c h e s   t h a t   w i l l   t a k e   p l a c e   d u r i n g   c y c l e   2 .  

S i n c e   T a b l e   1  a s s u m e s   t h a t   m i c r o i n s t r u c t i o n   101  i n c l u d e s   a 
c o n d i t i o n a l   b r a n c h   to  200  t h a t   is  to  be  t a k e n ,   m i c r o i n s t r u c t i o n  

200  w i l l   o c c u p y   t h e   m i c r o v o r d   r e g i s t e r   d u r i n g   c y c l e   3 .  

S i m i l a r l y   to  c y c l e   1,  t h e   n e x t   s e q u e n t i a l   c o n t r o l   s t o r e  

l o c a t i o n   ( l o c a t i o n   102,   t h e   a d d r e s s   b e i n g   o b t a i n e d   by  t a k i n g   t h e  

v a l u e   101  f r o m   PC  301  and  i n c r e m e n t i n g   i t   to  102  in  PC  +1  a d d e r  

303)   is  a c c e s s e d   d u r i n g   t he   f i r s t   70  ns  of  c y c l e   2  ( l i n e   1603)   a n d  
m i c r o i n s t r u c t i o n   102  is  a v a i l a b l e   at   t h e  c o n t r o l   s t o r e   o u t p u t s  
( l i n e   1 6 0 7 )   in   t ime   to  be  g a t e d   by  LAST70CLK  i n t o   t h e   p r e f e t c h  

r e g i s t e r   ( l i n e   1 6 0 8 ) .   The  i n c r e m e n t e d   a d d r e s s   102  is  s t o r e d   in  PC 

3 0 1 .   C o n t r o l   s t o r e   l o c a t i o n   200  ( t h e   t a r g e t   a d d r e s s   o b t a i n e d   f r o m  

m i c r o i n s t r u c t i o n   101)   is  a c c e s s e d   d u r i n g   t h e   s e c o n d   70  ns  of  c y c l e  

2  ( l i n e   1 6 0 3 ) ,   and  b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n   2 0 0  i s   a v a i l a b l e  

at  the   c o n t r o l   s t o r e   o u t p u t s   and  p r e f e t c h   b u f f e r   i n p u t s   l a t e   i n  

c y c l e   2  ( l i n e   1 6 0 7 ) .   The  v a l u e   200  is  s t o r e d   in  b r a n c h   l a t c h  

3 1 4 .   ALU  3 1 2 ,   h a v i n g   d e t e r m i n e d   t h a t   t h i s   b r a n c h   is   to  be  t a k e n ,  

w i l l   r a i s e   t h e   s i g n a l   TESTPASSED  ( l i n e   1 6 0 6 ) .   R e f e r r i n g   to  F i g u r e  

13,   TESTPASSED  i n h i b i t s   g a t i n g   n e x t   s e q u e n t i a l   m i c r o i n s t r u c t i o n  

102  f rom  t h e   p r e f e t c h   r e g i s t e r   o n t o   the   SELUIR  l i n e s   ( l i n e   1 6 0 9 ) ;  

w i t h   r e f e r e n c e   to  F i g u r e   14,  TESTPASSED  e n a b l e s   g a t i n g   b r a n c h  

t a r g e t   m i c r o i n s t r u c t i o n   200  t h r o u g h   the   p r e f e t c h   b u f f e r   o n t o   t h e  

SELUIR  l i n e s .   At  t ime   280  n s ,   UIRCLK  t r a n s i t s   to  TRUE  ( l i n e  

1 6 0 5 ) .   R e f e r r i n g   to  F i g u r e   15,   t h i s   c l o c k s   b r a n c h   t a r g e t   m i c r o -  

i n s t r u c t i o n   200  f rom  the   SELUIR  l i n e s   i n t o   m i c r o w o r d   r e g i s t e r  

3 1 0 .   T h u s ,   b r a n c h   t a r g e t   m i c r o i n s t r u c t i o n   200  is  e x e c u t e d   d u r i n g  

c y c l e   3 .  



D u r i n g   t h e   f i r s t   h a l f   of  c y c l e   3,  m i c r o i n s t r u c t i o n   201  is   t o  
be  p r e f e t c h e d   ( l i n e   1 6 0 7 ) .   S i n c e   t he   c u r r e n t l y   e x e c u t i n g  
m i c r o i n s t r u c t i o n   ( 2 0 0 )   was  r e a c h e d   b e c a u s e   i t   was  a  b r a n c h   t a r g e t ,  
PC  301  w i l l   n o t   come  i n t o   p l a y ;   t he   v a l u e   200  is   s t o r e d   in  b r a n c h  
l a t c h   314,   and  b r a n c h   +1  a d d e r   304  i n c r e m e n t s   to  t he   r e q u i r e d  
a d d r e s s   of  2 0 1 .  

D u r i n g   t h e   l a s t   h a l f   of  c y c l e   3,  e x e c u t i n g   m i c r o i n s t r u c t i o n  

200  s p e c i f i e s   500  as  i t s   t a r g e t   a d d r e s s ,   and  m i c r o i n s t r u c t i o n   5 0 0  

i s   p r e f e t c h e d .   One  of  t h e   two  w i l l   be  s e l e c t e d   to  e x e c u t e   d u r i n g  

c y c l e   4,  n o t   d i s c u s s e d   h e r e i n .  

Now  f o l l o w s   a  d i s c u s s i o n   of  s t a c k   315  and  s t a c k   p o i n t e r   3 1 6 .  

A  p r i o r   a r t   s c h e m e   f o r   a d d r e s s i n g   a  s t a c k   i s   shown  in  F i g u r e  
1 7 .   S t a c k   1703  is   a  memory   d e v i c e   w i t h   some  n u m b e r   of  m e m o r y  
l o c a t i o n s ,   h e r e   f o u r .   S t a c k   p o i n t e r   1 7 0 1  i s   a  f l i p   f l o p   r e g i s t e r  

f o r   c o n t a i n i n g   t h e   a d d r e s s   of   t h e   l o c a t i o n   i n   s t a c k   1703  w h i c h   i t  

i s   d e s i r e d   to  a c c e s s .   I n c r e m e n t / d e c r e m e n t   m e a n s   1705  can  add  o r  

s u b t r a c t   by  o n e   t h e   c o n t e n t s   of  s t a c k   p o i n t e r   1 7 0 1 .   ( S i n c e   s t a c k  

l o c a t i o n s   a r e   a d d r e s s e d   in   s e q u e n c e ,   no  p r o v i s i o n   is   n e e d e d   t o  

l o a d   s t a c k  p o i n t e r   1701  w i t h   a r b i t r a r y   c o n t e n t s ,   as  w o u l d   be  t h e  

c a s e   f o r  a   r a n d o m   a c c e s s   m e m o r y . )   S t a c k   p o i n t e r   1701  mus t   be  a b l e  

to  c o n t a i n   as  many  v a l u e s   as  t h e r e   a r e   l o c a t i o n s   in  s t a c k   1 7 0 3 .  

S i n c e   s t a c k   1703  has   f o u r   l o c a t i o n s ,   t h e   two  b i t   p o s i t i o n s   o f  

s t a c k   p o i n t e r   1701  can   be  i n c r e m e n t e d   t h r o u g h   t h e   f o u r  

c o m b i n a t i o n s   00 ,   0 1 ,   1 0 ,  a n d   1 1 .  

In  o r d e r   to  s e l e c t   a  p a r t i c u l a r   one  of   t h e   f o u r   l o c a t i o n s   i n  

s t a c k   1703  i t   is   t y p i c a l l y   n e c e s s a r y   to  e n a b l e   an  " a d d r e s s  

s e l e c t i o n   l i n e "   by  d e c o d i n g   t h e   c o n t e n t s   of  s t a c k   p o i n t e r   1 7 0 1 .  

D e c o d e r   1702  c o m p r i s e s   c o m b i n a t o r i a l   g a t i n g   t o  r e c o g n i z e   e a c h   o f  

t h e   p o s s i b l e   c o n t e n t s   of  s t a c k   p o i n t e r   1701   and  e n a b l e s   t h e  

c o r r e s p o n d i n g   one  of  t h e   f o u r   a d d r e s s   s e l e c t i o n   l i n e s   1 7 0 6 ,   w h i c h  

r e s u l t s   in  t r a n s f e r r i n g   d a t a   b e t w e e n   t h e   c o r r e s p o n d i n g   l o c a t i o n   o f  



s t a c k   1703  and  bus  1 7 0 4 .   ( O p e r a t i o n   of  s t o r a g e   d e v i c e s   is  v e i l  
known  in  the   l i t e r a t u r e   and  w i l l   not   be  d i s c u s s e d   h e r e i n . )  

A d d i t i o n a l   g a t i n g   may  be  i n c o r p o r a t e d   in  d e c o d e r   1702  i n  

o r d e r   to  d e t e c t   " o v e r f l o w . "   and  " u n d e r f l o w " .   (By  c o n v e n t i o n ,   a 
s t a c k   i s  s a i d   to  o v e r f l o w   when  an  a t t e m p t   is   made  to  e x c e e d   t h e  

c a p a c i t y  o f   the   s t a c k ;   i t   is   s a i d   t o  u n d e r f l o w   when  an  a t t e m p t   i s  

made  to  r e t r i e v e   d a t a   f r o m  a   s t a c k   when  no  d a t a   has   p r e v i o u s l y  

b e e n   s t o r e d   in  i t . )  

F i g u r e   18  p r e s e n t s   an  o v e r v i e w   of  t he   s t a c k   a d d r e s s i n g   s c h e m e  

of  t he   p r e s e n t   i n v e n t i o n .   S t a c k   315  c o n t a i n s   f o u r   t w e l v e - b i t  

l o c a t i o n s ,   each   of  w h i c h   is  e n a b l e d   by  one  of  t h e   a d d r e s s  

s e l e c t i o n   l i n e s   1 8 0 2 .   Each  of  a d d r e s s   s e l e c t i o n   l i n e s  1 8 0 2   is  t h e  

o u t p u t   of  a  s t a g e   of  s t a c k   p o i n t e r   3 1 6 ,   w h i c h   is   n o t ,   as  in  t h e  

p r i o r   a r t ,   an  i n c r e m e n t / d e c r e m e n t   r e g i s t e r ,   bu t   is   a  s h i f t  

r e g i s t e r .   S t a c k   p o i n t e r   316  m u s t   c o n t a i n   a t  l e a s t   as  many  s t a g e s  

as  t h e r e   a r e   l o c a t i o n s   in  s t a c k   3 1 5 .   ( I n   t h e  p r e s e n t   e m b o d i m e n t ,  

t h e   number   of  s t a g e s   in  s t a c k   p o i n t e r  3 1 6   ia  two  g r e a t e r   t h a n   t h e  

n u m b e r   of  l o c a t i o n s   in  s t a c k   3 1 5 .   As  w i l l   be  d i s c u s s e d   b e l o w ,   t h e  

two  a d d i t i o n a l   s t a g e s   a i d   in   d e t e c t i n g   o v e r f l o w . )   S t a c k   p o i n t e r  

316  is  i n i t i a l l y   l o a d e d   w i t h   one  1  b i t   in   i t s   r i g h t m o s t   s t a g e  
( s t a g e   5)  and  is  f i l l e d   ou t   w i t h   0  b i t s .   The  1  b i t   is   s h i f t e d  

l e f t   a f t e r   each   s t a c k   w r i t e ,   and  s h i f t e d   r i g h t   a f t e r   e ach   s t a c k  

r e a d .   The  s t a g e   c o n t a i n i n g   t he   1  b i t   a t   a  g i v e n   t i m e   has  i t s  

o u t p u t   in  the   TRUE  s t a t e ;   s i n c e   the   o u t p u t   l i n e s   of  s t a c k   p o i n t e r  
316  a r e   in  f a c t   t he   a d d r e s s   s e l e c t i o n   l i n e s   1 8 0 2 ,   t h e   c o r r e c t  

a d d r e s s   s e l e c t i o n   l i n e   is   TRUE  w i t h o u t   t h e   n e c e s s i t y   f o r   any  o f  

t h e   g a t i n g   or  d e c o d i n g   w h i c h   t h e   p r i o r   a r t   s c h e m e s   r e q u i r e .   S i n c e  

many  a p p l i c a t i o n s   r e q u i r e   s t a c k s   to  o p e r a t e   q u i c k l y ,   i t   is  a n  

a d v a n t a g e   t h a t   the   d e l a y s   a s s o c i a t e d   w i t h   g a t i n g   a r e   e l i m i n a t e d .  

W h i l e   t he   s h i f t i n g   of  t he   b i t   is   l e f t   to  r i g h t   as  d e s c r i b e d   a b o v e ,  

t h i s   can  be  r e v e r s e d   and  s t i l l   r e s u l t   in  u t i l i z i n g   t h e   i n v e n t i o n  

d e s c r i b e d   h e r e i n .  



The  p r e s e n t   e m b o d i m e n t   u s e s   s t a c k   315  f o r   o n l y   one  p u r p o s e - -  
s t o r i n g   t h e  a d d r e s s e s   of  m i c r o i n s t r u c t i o n s   f o l l o w i n g   c a l l  
m i c r o i n s t r u c t i o n s   f o r   s u b s e q u e n t   use   by  r e t u r n   m i c r o i n s t r u c t i o n s .  
I f ,   f o r   e x a m p l e ,   m i c r o i n s t r u c t i o n   700  i s  a   c a l l   m i c r o i n s t r u c t i o n  
t h a t   i n v o k e s   a  s u b r o u t i n e ,   t h e   a d d r e s s   701  ( d e r i v e d ,   as  p r e v i o u s l y  
d i s c u s s e d ,   by  i n c r e m e n t i n g   t h e   700  in  PC  +1  a d d e r   3 0 3 ,   p a s s i n g   i t  
t h r o u g h   PC  HUX  305  o n t o   t h e   PCADROO  t h r o u g h   PCADR11  l i n e s   a n d  
l o a d i n g   i t   i n t o   PC  3 0 1 )   is  o u t p u t   f rom  PC  301  and  s t o r e d  o n   t h e  

top   of  t h e   s t a c k .   When  t h e   s u b r o u t i n e   e x e c u t e s   a  r e t u r n  

m i c r o i n s t r u c t i o n ,   t h e   a d d r e s s   701  is  r e t r i e v e d   f r o m   t h e   top   of  t h e  
s t a c k   and  i n p u t   to  b r a n c h   HUX  302  as  t h e   n e x t   m i c r o i n s t r u c t i o n  

a d d r e s s .   E x e c u t i o n   t h u s   r e t u r n s   to  t h e   m i c r o i n s t r u c t i o n   f o l l o w i n g  
t h e   c a l l   m i c r o i n s t r u c t i o n .  

In  t h e   p r e s e n t   e m b o d i m e n t ,   t h e   c o n t e n t s   of  PC  301  a r e   w r i t t e n  

to  t h e   n e x t   a v a i l a b l e   s t a c k   l o c a t i o n   e v e r y   m i c r o i n s t r u c t i o n  

c y c l e .   H o w e v e r ,   s t a c k   p o i n t e r   316  i s   s h i f t e d   to  t h e   l e f t   o n l y   i f  

t h e   c u r r e n t   m i c r o i n s t r u c t i o n   is   a  c o n d i t i o n a l   c a l l  

m i c r o i n s t r u c t i o n   and  i f   t h e   s p e c i f i e d   c o n d i t i o n s   a r e   m e t .  

T h e r e f o r e ,   o n l y   t h e   PC  301  c o n t e n t s   w h i c h   a r e   in   f a c t   t h e   r e t u r n  

a d d r e s s e s   o f  c a l l   m i c r o i n s t r u c t i o n s   t h a t   c a u s e   b r a n c h i n g   a r e  

r e t a i n e d   in   t h e   s t a c k - -   f o r   a l l   o t h e r   m i c r o i n s t r u c t i o n s ,   f a i l i n g  

to  s h i f t   s t a c k   p o i n t e r   316  r e s u l t s   in  k e e p i n g   t h e   same  s t a c k   3 1 5  

l o c a t i o n   s e l e c t e d ,   and  i t   w i l l   t h e   c o n t e n t s   w i l l   be  o v e r w r i t t e n  

d u r i n g   t h e   n e x t   m i c r o i n s t r u c t i o n   c y c l e .  

As  has   b e e n   d i s c u s s e d ,   s t a c k   p o i n t e r   316  i s   i n i t i a l l y   s e t   t o  

a l l   z e r o   b i t s   e x c e p t  f o r   a  1  b i t   in  s t a g e   5.   The  1  b i t   in   s t a g e   5 

s e l e c t s   l o c a t i o n   3.  When  l o c a t i o n   3  is  w r i t t e n   i n t o   on  a  c a l l  

m i c r o i n s t r u c t i o n ,   t h e   s t a c k   p o i n t e r   316  is   s h i f t e d   one  s t a g e   t o  

t h e   l e f t   a f t e r   w r i t i n g   so  t h a t   t h e   1  b i t   i s   in  s t a g e   4,  s e l e c t i n g  

l o c a t i o n   2.  T h r e e   more   c a l l   m i c r o i n s t r u c t i o n s   w o u l d   r e s u l t   i n  

f i l l i n g   l o c a t i o n s   2,  1,  and  0,  s h i f t i n g   t h e   o n e   b i t   to  s t a g e s   3 ,  

2,  and  1  r e s p e c t i v e l y ,   at  w h i c h   p o i n t   t h e   s t a c k   w o u l d   be  f u l l .  

A n o t h e r   a t t e m p t   to  s t o r e   a  r e t u r n   a d d r e s s   in   s t a c k   315  s h i f t s   t h e  

one  b i t   to  s t a g e   0.   N o t h i n g   is  a c t u a l l y   w r i t t e n   to  t h e   s t a c k ,  



t h e r e   b e i n g   no  s t a c k   l o c a t i o n   a s s o c i a t e d   w i t h   s t a g e   1  of  s t a c k  
p o i n t e r   3 1 6 .   T h i s   c o n s t i t u t e s   o v e r f l o w ,   but   the   p r e s e n t  
e m b o d i m e n t   d o e s   no t   d e t e c t   o v e r f l o w   u n t i l   an  a t t e m p t   is  made  t o  
r e t r i e v e   the   d a t a   t h a t   c o u l d   n o t   be  w r i t t e n .   The  n e x t   a t t e m p t   t o  
r e a d   f rom  s t a c k   315  (an  a t t e m p t   to  r e a d   back   t he   d a t a   t h a t   c o u l d  

n o t   be  w r i t t e n )   p r o d u c e s   t h e   OVERFLOW  s i g n a l   f rom  g a t e   1 8 0 3 .  

When  t he   s t a c k   is   empty   ( w h e t h e r   b e c a u s e   n o t h i n g   has  e v e r  
been   w r i t t e n   in  i t  o r   b e c a u s e   e v e r y t h i n g   w r i t t e n   in  i t   has  b e e n  

r e a d   b a c k )   t h e   1  b i t   w i l l  b e   in  s t a g e   5  of  s h i f t   r e g i s t e r   3 1 6 .   An 

a t t e m p t   to  r e a d   t h e   s t a c k   a t   t h a t   t ime   w i l l   no t   s h i f t   s t a c k  

p o i n t e r   3 1 6 ,   b u t   w i l l   p r o d u c e   t he   UNDERFLOW  s i g n a l   f rom  g a t e   1 8 0 4 .  

F i g u r e   19  shows  t h e   l o g i c   d i a g r a m   of  s t a c k   p o i n t e r   3 1 6 .   I t  

c o m p r i s e s   s i x   D  f l i p - f l o p s .   (A D  f l i p - f l o p   c a p t u r e s   and  s t o r e s  
the   s t a t e   of  t h e   D  ( d a t a )   i n p u t   a t   t h e   t i m e   t h e   CLK  i n p u t   t r a n s i t s  

to  a  l o g i c   h i g h . )   S t a g e   0  is   d e p i c t e d   a t  t h e   t op   ( e l e m e n t   1 9 0 3 )  

( c o n v e n t i o n a l l y   c a l l e d   the   " l e f t " )   and  s t a g e   5  ( a s s o c i a t e d   w i t h  

the   f i r s t   l o c a t i o n   in  s t a c k   315)   at   t he   b o t t o m   ( e l e m e n t   1 9 0 4 )  

( c o n v e n t i o n a l l y   c a l l e d   t h e   " r i g h t " ) .   G a t i n g   g r o u p   1901  is   e n a b l e d  

by  t he   BR  TYP  b i t s   of  t h e   c u r r e n t l y   e x e c u t i n g   m i c r o i n s t r u c t i o n  

b e i n g   e q u a l   to  01 ,   s p e c i f y i n g   a  c o n d i t i o n a l   c a l l   m i c r o i n s t r u c t i o n ,  

and  by  t he   TSTCNDO  s i g n a l   i n d i c a t i n g   t h a t   t h e   r e q u i s i t e   c o n d i t i o n s  

a r e   me t ,   to  p r o d u c e   t h e   C  STKC  s i g n a l ,   i n d i c a t i n g   t h a t   a  c a l l  

m i c r o i n s t r u c t i o n   is  to  be  p e r f o r m e d .   S i m i l a r l y ,   BR  TYP  b i t s   b e i n g  

e q u a l   to  11  and  TSTCNDO  p r o d u c e   s i g n a l   R  STKC  f rom  g a t i n g   g r o u p  
1902  i n d i c a t i n g   t h a t   a  r e t u r n   m i c r o i n s t r u c t i o n   is  to  be  p e r f o r m e d .  

On  a  c a l l   m i c r o i n s t r u c t i o n ,   C  STKC  s h i f t s   s t a c k   p o i n t e r   3 1 6  

to  l o v e r   n u m b e r e d   s t a g e s   (by  c o n v e n t i o n ,   " t o   t he   l e f t " ) ,   d e n o t i n g  

s u b s e q u e n t   s t a c k   l o c a t i o n s .   For  e x a m p l e ,   g a t e   1905   is  e n a b l e d   by  
C  STKC  and  STKC3  ( t h e   s t a t e   of  s t a g e   3)  and  g a t e s   t h a t   s t a t e  i n t o  

s t a g e   2 .  



S i m i l a r l y ,   on  a  r e t u r n   m i c r o i n s t r u c t i o n ,   R  STKC  s h i f t s   s t a c k  
p o i n t e r   316  to  h i g h e r   n u m b e r e d   s t a g e s   ( " t o   t h e   r i g h t " ) .   G a t e  
1 9 0 6 ,   for   e x a m p l e ,  s h i f t s   t h e   s t a t e   of  s t a g e   2  i n t o   s t a g e   3 .  

STKC2,  STKC3,  STKC4,  and  STKC5  ( t h e   o u t p u t s   of  s t a g e s   2  

t h r o u g h   5  r e s p e c t i v e l y )   a r e   p a s s e d   t h r o u g h   2 :1   HUX  1 9 0 7 ,   e n a b l e d  

by  t h e   RESTORE  s i g n a l ,   o n t o   STKW  0,  STKW  1,  STKW  2,  and  STKW  3 

r e s p e c t i v e l y ,   w h i c h   a r e   a d d r e s s   s e l e c t i o n   l i n e s   1 8 0 2 .  

The  c i r c u i t r y   i m p l e m e n t i n g   s t a c k   315  is   shown  in  F i g u r e   2 0 .  

E a c h   o f  t h e   f o u r   l o c a t i o n s   is  c o n s t r u c t e d   of  s i x   d u a l   D 

f l i p - f l o p s .   (A  d u a l   D  f l i p - f l o p   c o m b i n e s   two  D  f l i p - f l o p s   in   a  

p a c k a g e . )   For   e x a m p l e ,   e l e m e n t   2011  s t o r e s   b i t s   0  and  1  o f  

l o c a t i o n   0,  p i n e   1  and  3  b e i n g   t h e   i n p u t s   f o r   b i t s   0  and  1 

r e s p e c t i v e l y ,   and  p i n s   7  and  9  b e i n g   t h e   o u t p u t s   f o r   b i t s   0  and  1 

r e s p e c t i v e l y .   E l e m e n t   2011  r e q u i r e s   STKW  0  of  a d d r e s s   s e l e c t  

l i n e s   1802  on  p in   4,  s i n c e   i t   is  p a r t   of   l o c a t i o n   0.  Each   of  t h e  

f o u r   l o c a t i o n s   2 0 0 1 ,   2 0 0 2 ,   2 0 0 3 ,   and  2 0 0 4   i s   e n a b l e d   by  STKW  0 ,  

STKW  1,  STKW  2,  and  STKW  3  r e s p e c t i v e l y .  

S t a c k   315  i s   u s e d   to  s t o r e   t h e   c o n t e n t s   of  PC  3 0 1 ,   a s  

d i s c u s s e d   p r e v i o u s l y .   The  o u t p u t s   of  PC  3 0 1 ,   n a m e l y   PCR00  t h r o u g h  

PCR11,   a r e   p a s s e d   t h r o u g h   2 :1   MUX's  2 0 1 2 ,   2 0 1 3 ,   and  2014   u n d e r  

c o n t r o l   of  t h e   RESTORE  s i g n a l   o n t o   t h e   STKI00   t h r o u g h   S T K I 1 1  

l i n e s ,   w h i c h   a r e   i n p u t   in  p a r a l l e l   to  e a c h   of  t h e   f o u r   s t a c k  

l o c a t i o n s ;   t h e y   a r e   s t o r e d   in  t h e   one  l o c a t i o n   c u r r e n t l y   e n a b l e d  

by  a d d r e s s   s e l e c t i o n   l i n e s   1 8 0 2 ,   as  d e s c r i b e d   a b o v e .  

N o t e   t h a t   t h e   c o n t e n t s   of  PC  301  a r e   s t o r e d   in  s t a c k   3 1 5  

e v e r y   m i c r o i n s t r u c t i o n   c y c l e ;   h o w e v e r ,   s t a c k  p o i n t e r   316  is   n o t  

s h i f t e d   l e f t   e x c e p t   when  c a l l   m i c r o i n s t r u c t i o n s   a r e   e x e c u t e d ,   a s  

d e s c r i b e d   a b o v e .   T h e r e f o r e ,   i n f o r m a t i o n   w r i t t e n   i n t o   s t a c k   315  i s  

n o t   s a v e d   e x c e p t   f o r   c a l l   m i c r o i n s t r u c t i o n s ;   i f   s t a c k   p o i n t e r   3 1 6  

is   n o t   s h i f t e d ,   d a t a   w r i t t e n   i n t o   a  s t a c k   l o c a t i o n   d u r i n g   a  

m i c r o i n s t r u c t i o n   c y c l e   w i l l   be  o v e r w r i t t e n  t h e   n e x t  

m i c r o i n s t r u c t i o n   c y c l e .  



F i g u r e   21  d e p i c t s   l o g i c   c i r c u i t s   f o r   g e n e r a t i n g   s i g n a l s  
r e q u i r e d   by  b r a n c h   MUX  302  and  b r a n c h   a d d r e s s   f o r w a r d i n g   c i r c u i t  
313  to  f o r   i m p l e m e n t i n g   r e t u r n   m i c r o i n s t r u c t i o n s .   G a t e s   2 1 0 1 ,  
2 1 0 2 ,   2 1 0 3 ,   and  2104   a r e   e n a b l e d   by  the   BR  TYP  b i t s   of  t h e  

c u r r e n t l y   e x e c u t i n g   m i c r o i n s t r u c t i o n   b e i n g   e q u a l   to  11,   d e n o t i n g   a  
r e t u r n   m i c r o i n s t r u c t i o n .   Each  is  e n a b l e d   by  one  of  t he   s t a g e s   o f  
s h i f t   r e g i s t e r   3 1 6 ,   d e n o t i n g   a  l o c a t i o n   in  s t a c k   315  as  p r e v i o u s l y  
d i s c u s s e d .  

For  e x a m p l e ,   g a t e   2103  is  e n a b l e d   by  STKC3,  m e a n i n g   t h a t  

s t a c k   l o c a t i o n   l o c a t i o n   1  is   p r e s e n t l y   s e l e c t e d   to  be  w r i t t e n  

i n t o .   T h i s   in  t u r n   means   t h a t   s t a c k   l o c a t i o n   2  is  t h e   l a s t   s t a c k  

l o c a t i o n   w i t h   a  r e t u r n   a d d r e s s   s t o r e d   in  i t .   C a t e   2103  t h e r e f o r e  

p r o d u c e s   t he   s i g n a l   STK2  BR,  d e n o t i n g   t h a t   t h e   a d d r e s s   c o n t a i n e d  

in  s t a c k   l o c a t i o n   2  is  now  to  be  used   as  a  b r a n c h   t a r g e t   a d d r e s s .  

B r a n c h i n g   to  t h e   l o c a t i o n   whose   a d d r e s s   i s   c o n t a i n e d   in  s t a c k  

l o c a t i o n   2  is  i n i t i a t e d   by  b r a n c h   MUX  302  ( F i g u r e s   5  and  6 ) .  

U s i n g   b i t   02  aa  an  e x a m p l e ,   and  r e f e r r i n g   to  F i g u r e   5,  g a t e   502  i s  

e n a b l e d   by  STK2  BR  ( j u s t   d i s c u s s e d )   and  p a s s e s   STK  02,   w h i c h  

r e f e r e n c e   to  F i g u r e   20  d i s c l o s e s   to  be  b i t   02  of  s t a c k   l o c a t i o n  

2.  L o g i c   g r o u p   501  t h e n   o u t p u t s   BRADR02.  S i m i l a r l y ,   t he   o t h e r  

e l e v e n   l o g i c   g r o u p s   d e p i c t e d   in  F i g u r e s   5  and  6,  t o g e t h e r   w i t h  

g r o u p   501,   o u t p u t   t h e   1 2 - b i t   a d d r e s s   BRADROO  t h r o u g h   BRADR11,  

w h i c h   r e s u l t s   in  b r a n c h i n g   to  t h a t   a d d r e s s ,   as  was  p r e v i o u s l y  

d i s c u s s e d .  

In  t he   e v e n t   of  e r r o r s   in  m i c r o c o d e   r e s u l t i n g   in  s t a c k  

o v e r f l o w   or  s t a c k   u n d e r f l o w ,   t he   a d d r e s s   p r o d u c e d   by  b r a n c h   MUX 

302  as  j u s t   d e s c r i b e d   is  i n d e t e r m i n a t e ,   and  a t t e m p t s   to  b r a n c h   t o  

such   an  i n d e t e r m i n a t e   a d d r e s s   w i l l   p r o d u c e   i n d e t e r m i n a t e   r e s u l t s .  

In  s u c h   c a s e s ,   c o m p u t e r s   g e n e r a l l y   " t r a p " ,   i . e . ,   f o r c e  

m i c r o i n s t r u c t i o n   e x e c u t i o n   to  the   s t a r t   of  a  s e q u e n c e   t h a t   d i r e c t s  

t he   m a c h i n e   to  r e c o v e r   f rom  t h e   e r r o r   in  as  o r d e r l y   a  m a n n e r   a s  

p o s s i b l e .   By  d e s i g n   c o n v e n t i o n ,   t h e   c u r r e n t   e m b o d i m e n t   t r a p s   t o  



t h e   m i c r o i n s t r u c t i o n   a t   c o n t r o l   s t o r e   307  l o c a t i o n   1  if   s t a c k  

o v e r f l o w   is  d e t e c t e d ,   and  to   t h e   m i c r o i n s t r u c t i o n   in  l o c a t i o n   2  i n  
t h e   e v e n t   t h a t   u n d e r f l o v   is  d e t e c t e d .   T h e r e   now  f o l l o w s   a 
d i s c u s s i o n   of  how  t h e s e   t r a p s   a r e   i m p l e m e n t e d .  

O v e r f l o w   i s   d e t e c t e d   by  g a t e   1 8 0 3 ,   shown  in  d e t a i l   on  F i g u r e  
21 .   BR  TYP  b i t s   e q u a l   to  11,   i n d i c a t i n g   a  r e t u r n  

m i c r o i n s t r u c t i o n ,   and  STKCO,  i n d i c a t i n g   a  p r i o r   a t t e m p t   to  w r i t e  

b e y o n d   a v a i l a b l e   l o c a t i o n s   in  s t a c k   315 ,   as  p r e v i o u s l y   d e s c r i b e d ,  

p r o d u c e   t he   s i g n a l   STKOVFL  d e n o t i n g   o v e r f l o w .   G a t e   1 8 0 4 ,  

r e s p o n s i v e   to  BR  TYP  b i t s   s p e c i f y i n g   a  r e t u r n   m i c r o i n s t r u c t i o n ,  

and  STKC5,  i n d i c a t i n g   t h a t   t h e   s t a c k   is  empty   as  p r e v i o u s l y  

d i s c u s s e d ,   p r o d u c e   t h e   s i g n a l   STKUNFL  d e n o t i n g   u n d e r f l o w .   E i t h e r  

of  t h e s e   s i g n a l s   c a u s e s   g a t e   2105   to  p r o d u c e   t h e   STKERR  s i g n a l .  

R e f e r   now  to  b r a n c h   a d d r e s s   f o r w a r d i n g   c i r c u i t   3 1 3 ,   F i g u r e  

10 .   R e f e r e n c e   to   e a c h   of  t h e   g a t e s   1001  t h r o u g h   1012  shows  t h a t  

in   o r d e r   f o r  t h e   a d d r e s s   BRADROO  t h r o u g h   BRADR11  to  be  p a s s e d   t o  

l i n e s   BRADDROO  t h r o u g h   BRADDR11,  STKERR,  STKUNFL  and  STKOVFL  m u s t  

a l l   be  a b s e n t .   I f   STKOVFL  and  STKEER  a r e   p r e s e n t ,   a l l   t w e l v e  

o u t p u t   b i t s   w i l l   be  z e r o   e x c e p t   f o r   BRADDR10,  w h i c h   w i l l   be  a  o n e  

b e c a u s e   of  STKUNFL  e n a b l i n g   g a t e   1 0 1 1 .   T h i s   b i t   p a t t e r n  

r e p r e s e n t s   t h e   r e q u i s i t e   a d d r e s s   of  2 .  

L i k e w i s e ,   i f   STKOVFL  and  STKERR  a r e   p r e s e n t ,   a l l   t w e l v e   b i t s  

w i l l   be  z e r o   e x c e p t   f o r   BRADDR11,  w h i c h   w i l l   be  a  one   b e c a u s e  

STKOVFL  e n a b l e s   g a t e   1 0 1 2 .   T h i s   b i t   c o n f i g u r a t i o n   r e p r e s e n t s   t h e  

r e q u i s i t e   a d d r e s s   of   1 .  



1.  A  s t ack   memory  system  c o m p r i s i n g   s t o r a g e   means  (315)  w i t h  

a  sequence   of  s t o r age   l o c a t i o n s   ( 0 - 3 ) ,   and  p o i n t e r   means  (316)  

for  a d d r e s s i n g   one  o f  t he  loca t ions   and  ope rab l e   to  s tep  from 

l o c a t i o n   to  l o c a t i o n   in  s e q u e n c e  o r   r e v e r s e   s e q u e n c e ,  

c h a r a c t e r i s e d   in  tha t   the  poin t   means  (316)  is  a  s h i f t  

r e g i s t e r   with  a  p l u r a l i t y   of  s t a g e s   (2-5)  i d e n t i f y i n g   t h e  

s t o r a g e   l o c a t i o n s   (0-3)  r e s p e c t i v e l y .  

2.  A  s t ack   memory  system  a c c o r d i n g   to  claim  1,  c h a r a c t e r i s e d  

in  t h a t   the  s h i f t   r e g i s t e r   (316)  c o n t a i n s   a  s i n g l e   l o c a t i o n  

marker  b i t   and  is  s u b j e c t e d   to  a  s h i f t   o p e r a t i o n   in  a  f i r s t  

sense  in  r e sponse   to  each  s tack   w r i t e   o p e r a t i o n   and  i s  

s u b j e c t e d   to  a  s h i f t   o p e r a t i o n   in  a  second  o p p o s i t e   s e n s e  

in  r e sponse   to   each  s tack  read  o p e r a t i o n .  

3.  A  s t a ck   memory  system  a c c o r d i n g   to  claim  2,  c h a r a c t e r i s e d  

in  t h a t   the  f i r s t   sense  s h i f t   o p e r a t i o n   is  e f f e c t e d   a f t e r  

a  s t ack   w r i t e   o p e r a t i o n   and  the  second  sense  s h i f t   o p e r a t i o n  

is  e f f e c t e d   before   a  s tack  read  o p e r a t i o n .  

4.  A  s t a ck   memory  system  a c c o r d i n g   to  claim  2  or  3 ,  

c h a r a c t e r i s e d   in  tha t   the  s h i f t   r e g i s t e r   (316)  has   at  l e a s t  

one  s t age   (0,  1)  a d d i t i o n a l   to  the  sa id   p l u r a l i t y   of  s t a g e s  

(2-5)  and  by  means  (1803,  180 4)  r e s p o n s i v e   to  the  presence  o f  

the  marker  b i t   in  extreme  s t a g e s   of  the   s h i f t   r e g i s t e r   t o  

s i g n a l   s tack   overf low  and  unde r f low  c o n d i t i o n s :  

5.  A  s t ack   memory  system  a c c o r d i n g   to  claim  3  and  claim  4 ,  

c h a r a c t e r i s e d   in  tha t   the  s h i f t   r e g i s t e r   (315)  has  two 

a d d i t i o n a l   s t ages   (0,  1)  at  the  end  t h e r e o f   towards  which  t h e  

marker  b i t   is  s h i f t e d   by  f i r s t   sense   s h i f t   o p e r a t i o n s ,   and 

the  s i g n a l l i n g   means  comprise  o v e r f l o w   logic   (1803)  s e n s i n g  

the  p r e sence   of  the  marker  b i t   in  the  extreme  s tage  (0)  a t  

the  sa id   end  of  the  s h i f t   r e g i s t e r   at  the  time  of  a  s t a c k  

read  o p e r a t i o n ,   and  underf low  l og i c   (1804)  sens ing   the  p r e s e n c e  

of  the  marker  bi t   in  the  extreme  s t age   (5)  at  the  o p p o s i t e  



end  of  the  s h i f t   r e g i s t e r   at  the  time  of  a  s t ack   r e a d  

o p e r a t i o n .  
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